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This report j)resents findings of a specia l analysis 

designed to project science, engineering, and technician^SEt) 
personnel requirements of both defense and nondefense sectors during 
the 5-year' period ending in 1987 and to assess. the projected supply 
of such personnel available to meet those requirements. Following an 
introduction, the report is organized intt^ twQ main sect ions . ^Th^ 
first section provides an overview of the interindustry Forecasting 
System (IFS) that was used^ to generate employment projections of SET 
personnel. It presents pertinent assumption^ underlying four 
scenarios cbosen for analysis, and reports total and def ense-rrelated 
employment requirements through 1987. These requirements are* 
presented separately for scientists (computer systems analysts and 
soc^ial, physical, mathematical, and life scientists) , enc^ne^r?" 
(electrical/electronic, mechanical, aeronautical/astronomical 
engineers K and technicians (computer progratnmers,' drafters, and 
science and engineering (SE) technicians). The second section 
de*scribes the Dauf f enBach/Fiorito/Folk (DFF) labor supply model, 
presents information on the importance of various components of the 
SE labor, supply, and provides^ comparison^ of demand and supply 
pro jectians^ to assess potential labor market balance. An assessment 
of projected labor market balance for SE-support technicians is also 
presented in this section, information on the IFS and DFF models and 
supporting data * (presented in 20 statistical tables) are included in 
appendices, (jn) ^ 
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foreword 



A The decade of the eighties has been characterized by a growing concern about the 

^ ^ condition of this country's technologicdt resources. Programs to promotebasic research. 

\ ' tO'ieass^ess research and devel<yment priorities^ and to improve the quality of science 

^ , and engineering education, are just a few initiatives thai clearly demonstrate the strong 

commitment being made by Government industry, and academia in'^this area. This 
commitment is founded on the continuirig rWe of high technology in promoting economic 
growth^/productivity, and international competitiveness. Over the next several years, 
this same technology' will be called op to' help meet the goals of the Nation's 5-Vear defense 
plan. In fiscal year (FY) 1983. this plan scheduled an increase in real defense 
expenditures of almost 45 percent over the 1992-87 period. Proposed defense budgets 
for FY 1994 and FY 1965 show similar emphasis. Highly trained scienrt, engineering, 

, and technician (SET) personnel are essential to these industries and, h^nce, the Nation s 

ability to meet both overall economic- and defense-related objectives, 
* This report presents findings of a special ^alysis undertaken by the Mational 

Science Foundation {NSF), The objectives of the study are twofold; First, to project SET 
personnel requirements of both defense and nondefense sectors during the 5-year 
period 'ending in 1987, seconds to assess the adequacy of the projected supply, of such 
personnel available to meet those requirements. Employment projections for thfe study 
were generated through the use of the Defense Interindustry Forecasting System 
developed by Data Res<?urces, Incorporated (DRI), The supply projections, perhaps 
^* the most distinctive feature of this study, were based on a model that incorporates all 
^ major sources of response to changes in demand. Developed under contract to NSF by 

Drs. Robert DauffenBach (Oklahoma State University) and jack Fiorilo (University 
of lowa), these projections are intended to identify potential problems within the SET 
labor market, as well as to assist in understanding the dynamics and flexibility of SET 
labor supply, . 

i Although both models repr^enl the state-of-the-art ift projection methodologies^ 

it is nonetheless important to be aware of certain methodological limitations. First/ 
the projections are only as accurate as the assumptions that,were used to generate them. 
To the extent that these assumptions are not realized, projections are likely outcomes, 
not precise predictions. For this i^eason, the analysis uses four sets of assumptions based 
on alternative macroeconomic conditions and defense-expenditure patterns to generate 
a range of polentfal outcomes. Second, this type of analysis provides only a broad 
overview of the SET labor market, highlighting potential pfoblem areas. Problems of 
a more disaggregated nature generally cannot be modeled empirically^ but lend therhselves 
^ more readily to qualitative studies. Limitations of the analysis will be highlighted 
throughout the report to assist in evaluation of the results. 

Despite these limitations, the methodology developed |7rovides a mo^t useful 
framework for assessing potential supply/demand instances of SET personnel and is 
^ sufficiently versatile to be used in estimatir^ tlie potentiaT impacts of future policy changes, 

Charles E, Falk ' 
'Director, Division of Science 

Resources Studies 
Directorate for Scientj^ic 
Technological, and International 
Affairs ^ 



January 1984 \ 
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highlights 

• Four projection scenarios were developed for the 1982-87* 
/f^O'iod to generate a likely range of employment estimates. These 

' sceKarios represented combinations of low and high macro- 
econc^ic activity^average annual growth rates in gross national 
plxjduit (GNP) of L6 percent and 4J percent, respectively, and 
lo\^^d high growth rates in real defense expenditures^apnual 
growth rates of 3.1 percent and 8.1 percent, respectively. 
Performans^e of the et-onomy and defense oiUl^s recorded during 
the first year and a half of that perj^^uggest that actual 
er^ployment will he within tfie ph>ipcwfrangeof estimates The 
ss^enanos ind^ate that the number of jobs requiring science, 
u engineenng.and technician (SET) skills in the United States can 
be exp&wted to increase by 460,000 to 740,000 over the 1982-87 
^ period. By thelatter^ear, roughly 4 million j6bs are projected to 
be required in SET occupations, representing about 3.5 percent 
of to&l employment. 

• Among the 12 science and 9 engineering Occupations studied, 
only the rapid growth in requirements for aeronautical/ 
astronautical engineers, computed specialists [computer systems^ 
analysts andtprogrammers], and electric a 1/electronic engineers 
IS likel^'to produce shortages of fully qualified professionals: 
shortages are defined as a 5-percent, or greater, shortfall in 
supply of newj. appropriately trained college graduates and 
experienced workers. By 198?, the projected shortfall for* 

' aeronautical/as tronau tic al engineers will vary from 15 percent 
to 45 percent, representing 10,000 to 35,000 personnel; for , 
computer specialists, the comp'^rable range is^rojected to be 15 
percent to 30 percent, about 115,000 to 140,000 personnel At 
high projected levels of defense expenditures, the shortfall oit^ 
electrical/electronic engineers may almost reach 10 percent of 
supply, roughly 30,Q00 personnel* 'Gfowth in the numbers of 
mechanical and industrial engineering technicians as well as 
drafters is projected to accel^ate^over the next 5 years suggesting 
potential supply problems. 

• O:cupational mobility can be expected to alleviate shortages as 
. experienced workers switch occupations iVi response to chang- 
ing job opportunties- Sustained, high dependence on occupational 
mobility to meet growing requirements jn any particular field, 
however, indicates a potential problem in maintaining thequality of 

^ the work force. This problem*is itself a manifestation of labor 
shortages. By 1987, it js projected that 11 pejcent to 15 percerft 
of the supply oF aeronautical/astronautical engineers will need^ 
to be drawn from other occupations to meet increasing employment 
demands/ for. computer specialty occupations the comparable 
range lies close to 11 percent of supply. ' 

• The defense industrial base is highly dependent on SET 
personnel; roughly 15 percent ^ the defense work force is 
employed In SET occupations as opposed to 3 percent of tliat in 
nondefense. Because defense spending is concentrated in high- 
technology manufacturing industries, SET employment projections 
show a marked sensitivity to variations in defense spending 
despite the latter's small share of GNR During the 1982-87 
period, projected growth in employment for SET personnel is 



much stronger in defense- than in nonfiefense- related activities 
^ By 1987. roughly 4 percent of scientists, 15 percent of Engi- 
neers, and 7 percent of technicians are projected to be employed 
in defense activities, a slight increase over the 3 percent, 12 
percent, and 6 percent, respectively, employed in such activities 
in 1982u Among SET occupations, defense expenditures have 
"theif stfd^gest knpact on the engineering work force. 

• Growth in requirements fot-SET personnel is projected to 
be concentrated ^n a few industries that are also an important 
part of the defense industrial base. Five industries are projected 
to generate about three-barters of the net ins^rease in requirements 
for engineei;^— electrical mas^hinery, fabri^ted metals, nonelec- 
trical machinery, transportation equipment [including aircraft], 
and business services. 

• .Science employment is projected tq increase from 730,000 
in 1982 to between 845,000 and 890,000 in 1987, at an^annual 
growth rate ranging from 3.0 pers^ent to 4.1 percent. Regardless 
df scenario, computer systSins analysis is projected to be the 
fastest growing soience Os^s^upation as computer applications con^ 
tinue to proliferate. The jate of employment growth in this 
occupation is expected to range from 5,6 percent to 6.7 percent 
per year, Amor^ noncomputer- related occupations, social science 
will grow fastest, increasing at a f^roject^ annual rate of 2 2 
percent to 3. 2" percent. 

• According to the projeictions, science employment will 
continue to be concentrated in nonmanufacturing industries. 
Within the nonmanjifacturing sector, business and miscellaneotl^ 
service industries are expected to maintain their importance as 
priyiary sources of employment demand, together generating 
one-fhird of both the level and the growth of science employment 
during the 1982-87 projection period, ^ 

• Requirements forengineers are projected to incrFase from 

I. 1 million in 1982 to betwc*n*1.3 and 1,4 million in 1987, an 
annual growth rate of between iS6 percent'and 4-5 percent. Two 
er^ineering fields— aeronautical/astronautical and electrical/ 
electronic—are projected to grow faster than average. Employment 
growth in the former is expected to range from 5.9 percent to 

II, 1 percent per ^N4C;' for the latter, an annual growth rate of 
3,9 percent to 5,1 percent is expected > 

• Requirements for S/E technicians are projected to increase 
from 1.5 million irul982 to between 1.6 million and 1,8^ miUiori 

■^rnnJagT^ indicating an average annual growth in employment 
ranging from *2,4 percent to 3.7 p^cent. In response to the 
djffusioli of computer technologyi/computer programming will 

^ be the fastest growing technician occupatioa with annual growth 
in employment ranging from 4,3 percent to 5,0 percent. Strong 
employment growth is also projected for electrical/elect rorfic 
andthecfaanjcal engineering technicians. Employment of the former 
is projected to grow in a range of 3.0 percent to 4,0 peiicent, 
parallel^g strong demand for engineers with that specialty: for 
the latter,. employment growth is projected to range from 2,5 

' percent to Ao percent- , S , ' 

• * ^ * ' ( 



I-. introduction 



policyissues 

■ 

The National Scien^^Foundation (NSF) 
is mand^ed by Cor^ress to provide infor- 
mation on the availability of the current and 
projected need for scientific and technical- 
'resources in the United States.This func- 
tion includes monitorin^^ operations of the 
labor market for scientists, engineers and 
technicians. Although these personnel 
constitute less than 5 percent of the labor 
force, they are essential to the high- 
technology industries critical to our national 
security, general economic growth, and 
technological innovation. Major initia\ives 
ih any of these areas strongly influence 

* the scientific and technical labor market 
and are highly dependent on the efficiency 
of this market's functioning^^foj; their 

■ outcome. 

The concern fo; improving national 
security that ted to the defense buildup 
undertaken in the early eighties was an 
example of such an initiative. As depicted 
by the five-year defense plan (FYDP) pro- 
posed by the President for fiscal yeat 1983 
(FY 1983), this buildup) represented the 
largest/planned peacetime increase in 
defense spending in U. S. history. Ac- 
cording to thtet plan, total obligation 
authority (TOA) for defensewas scheduled 
to increase by $186 billion in nominal terms 
between 1982 and 1987, a real increase of 
nearly 45 percent.' There has been some 



concern over the ability of the science, 
engineeringr and technician (SET) work 
force to accomodate the additional de- 
mands being placed on it. This concern . 
has arisen not only because spending has . 
been targeted on high -tech no logy pro- 
curements aftd research and development 
(^R&D) activities that are science and en- 
gineering (S/E)- intensive, but also because 
the labor market has yet to be affected by'^ 
defense spending decisions implemented . 
in' the early eighties. 

That the defense buildup is taking place 
while there is a growing nondefense de- 
mand for S/E^^rsonnel further complicates 
the issue Even before the incr^ease in 
defense expenditures* S/E employment in 
industry had begun to outpace growth in 
the total work force. The rea^ns for this 
were the strong economic performance of 
high-technology industries and the in- 
'dustrial staffing changes that increased the 
utilization of S/E personnel relative to the 
number of workers in other occupations. 
In addition to industr/s need for sciei\ti^ts 
and engineers to increase productivity and 
t@ remain competitive internationally, 
academia also needs additional S/f, per- 
sonnel ( particularly engineering and com* 
puter science faculty) to fill existing vacan- 
cies ana to meet future training needs.^ 



'D^t4 RcfOUTCCS. Inc , "The \9&A Defend Budget Cco- 
Vol lit. No 1 J^nSTy 1963, 



^G. A. K«ywortk Statement l»fofe the Comtnitlee on 
Scieiwe and Tfchnology* US ScienCf ^Jrtd Technvhsy Under 
Budsef^Stress^ He^rti^ 6«for« ihe CommittM on Science 
And Technology. U.S Houfe of Reprefent^tive*^ 97<h 
Congicsf (Wathjjgton- DC Supl of Documents. US. 
Coveri)mentPfintingOfficea9&i|. 



objectives 

Because SET JCFtrskiiU div highly spe- 
cialized and reqpire lengthy training 
periods^ the SET labor force cannot easily 
adapt to sudden large increases in require- 
ments. The question that arises^ therefore, is 
whether a large, rapid increase m the ne^d 
forjiefense-related personnel coupled with 
growing md|ustrial and academic require- 
ments, will make unrealistic adjustment 
4^mands on the SET labor market. In 
undertaking aiianalysis of this pnPblem, 
tivo objectives'were sought: To Rroject 
the levels of SET employment that.would 
lik^y be needed to meei^botfi defense and 
, norfdefens^ requirements during ^e period 
covered by the FY 1963 FYDP; and, to 
f)roject supply response to increasing 
requirements, identifying the potential 
shortfalls that may arise. The shortfalls, 
in turn, will serve to highlight general areas 
<Jf concern.* 

Labor markets accomodate demand and 
supply imbalances; thus, it is unlikely that 
shorties would be fully manifested in 
unfilled job^vacancies. Employers make a 
variety of adjustments when faced with 
shortfalls in labor supply. Some postpone, 
or even cancel, projects or entire pfograms. 
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This methodofo^y c^n 4< best onty hint it ihe more 
* (pKiahzed problem* of th» Jjbor^ttafkei thai *fe of policy 
concern Such piobktnsjnclude {l)Laborm«rketi[nb«bnce» 
in tut>spcciattjcs or «tnergihg fJetdf. (2) iKe need for ex- 
^peiienced. as opposed io newty tftined, S/E pfrfonneb 
{3l the need for young inv«$tigatOJY in b«(ic r^e^rch; OTy 
(4} labor market imb^i^nfef arising f locn geogi^phic 
fcgcatfnta^ion. 
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Ahcrn^Uively, as* t>b^^.*rved Junng the rapi^ 
detente *ind ^pa^Q buildup of the fif,tjes 
and sixties, employers may adapt by down* 
grading the quality of thel^ work^orcesJ 
plannjj jjreater reliance on new .college 
graduates in the absence of experienced^ 
personnel, upgrading technicians, or re- 
traming. workers from ojher occupations, 
Employers may abo compete ijor necessary 
personnel by bidding up wages. This can 
aiiQ^i whole sectors of*the ecorKDmy,*with 
(jovernment, mdustry. and acidemia com- 
peting with one another for available 
tvorkers. Those industries and sectors that 
<.anrvot effectively cijmpeje for essential 
pcTvionnel may suffer as ^ consequence. 

All these'adjusiments exact very real 
cosU, and a relevant policy question is 
tvliether traditional free market mechanisms 
will make appropriate personnel allocations 
with minim al-dislocationvof the economy. 
For purposes of this arwlysis, there/ore/ a 
shortage cannot |;>e defined simply as 
yafilled |ob vacancies/ but rather as '^n 
inadequate supply of appropriately trained^ 
and experienced personnel." 



methQdology 



Two state-of-the-art simulation models 
were O^ed in this analysis. Employment 
demand through 19$7 was projected for 
SET occupations usmg the Defense 
Interindustry Forecasting System fDIFS) 
developed by Datii Resources, Incorporated 
(DRI). (bee technical notes. Defense Inter- ^ 
industry Forecasting bystem. Employment 
Projections J. Be<iause projections are 
highly dependent on the assumptions 
underlying them, ^ur scenarios were run 
to determme the'likely range of total 
requirements, including the relative im- 
portance of defense expenditures m deter- 
mining SEP employment demand. These " 
Vour scenarios wre baseH'on assumptions 
governing both the level of macroecorK>mic 
activity and the alternative patterns of 
defense>expenditure growth^ 

Pro|ected labor market bdlan?Ms deter- 
mined by comparing estimates of labor 
demand and supply, T^e projectiofis of 
S/E supply for this study were' derived 



from an NTSF-sponsored model developed 
^ by Dr6, Robert ^^uf^enBafh, Jack Fforito, 
and Hugh ¥o\k^ (Ste technrc^l notes^' 

DauffenBach/Fjonto/Folk (DFF) Model 
StoVk^Flow Model of Science aad Engi- 
neering Labor Supply.") T?fe DFE model, 
^as it will be referred to throughout this* 
report, provides annual projections of 
supply m 21 occupation^ by modifying 
the previous ye^r s stock of personnel with 
flows of new labor force entrants^ occu- 
pationall^y mobile experienced workers, and 
immigrants.^ Each of these flows was 
modeled to xespond to changes rffr>Hj- 
ployment across occupations, recognizing 
that vai^^ns in'job'opportunities elicit 
changes m^ailable supply. In total, fCur 
s^ts of %upp\f projections v^re gerwr^ed— 
one based on each requirement scenario 
developed with the DIF System. 

Inethodofogical^ 
9aveats : 

It is importantjto realize that projections 
are not predictions, and that^there are 
methodological limitations inherent In 
simulation modeling that must be con- . 
siderW^in evaluating the likelihood that 
projections will be'realized. ^ ^ 

First, the quality of projections depends 
on tlW assumptions made about the ex- 
ogenous variables that drive simulation 
models. I'd this analysis, for example, 
variables definiag raafroeconomic per- 
formance and defense expenditiSfes were 
critical to estimating future SET -employ- 
ment with tlie DIFS model. Because neither 
tha behavior of th^p-economy nor future 
defense olitla^^ can be predicted with\ 
certainty, this analysis used alternative 
scenarios that jpade allowances for varia- 
-tions in performance in these area^ . 



!>iippiiri ti;ihnKi<in!> ^uii!>L inluFmdl ir<iininK mt^hdni!>m!> 

lof thc^c mtupdtJiint. hi&tom And pr&jr\ltd (jmwili tAttA 
m rmpbymedl will hf iompATV^ in order to Hlenttfy polrntui 
Jilfltulups in meeting jntKipJlrJ XrowtK re^uir?m«nl^ 



Second. projecUons from simulation 
mode]|s ^re based on relationships among 
major rirbriomic variables These relation- 
ships are determined empirical analyses 
of historical' data ^nd Refine the structure 
of the eeorK>my If some occurrence {major 
monetary or fiscal policy changes, dramatic 
labor marke^isr options, prolonged periods 
of high inflation, etc ) alters^hat structare, , 
jnodels niay no longer reflect operatiovis 

. of the econoQfy Technological change is 
,an example of structural change that could 
significarttly affect the projection of future' 
demand for SET personnel Such change 
is incorporated m the D^F System both in 

' d^terminirfg indust^pa! {production and in 
defining staffing pa tterr^e-i^'ithirr industry 
There i^ some concern, however, that 
aui^matioi^in^jire work place (robotics, 
compuW??ai3?d design and manufacture 
(CAD/CAM). ^tc\) wTTTaccelerate SET-^ 
employment growth at rates farV* excess 
of ,those anticipated by studTes generating ^ 
employment projections, Althopgh the pace 
of automation has c^Juickened, there is httle 
ryasjon to expect dramatic changes in re* 
quirements for SET^ personnel over the 

♦ short S-year period being sin\ulated. 

organization of f 
remaining- ' 
sections 

/Th^main body of this report is divided 
into two sections. The first provides an 
overview of the DIF System that was used^, 
to generate enjployment projections of SET 
personnel It presents pertinent assump- 
tions underlying the "four scenarios chosfn 
for analysis, and reports total anddefeiise- 
related employment requireinents through 
The 6econd section describes the DFF 
labor supply inodeK»presenti itj^orination^ 
on the importance of various components 
tif S/E labor supply, and provjjdes com- 
parisons of demarKl and'supply projections 
to assess potential laboi/market balance, 
' An assessment of projected labor market 
(balance for S/E*&upport technicians is also 
presented in this section: 
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Ih employment projections 



projection 
scenarios 



Profecdons are forecasts that are coh- 
ditiona) on a vanety^^assumption^hat 
1 depict economic, instttutional, and social 
conditions. This analysis was ^therefore 
designed not to provide a s^gle numeric 
estimate of futlire employment require- 
ments, but instead to provide a well-defined 
«r^nge within which employment growth 
IS likely to occur during the 1982^87 period. 
Two factors were assumed to be major 
* determinants of SET employment, based 
On their ability to affect th«Jevel and pat- 
tern of industrial activity: (1) General 
performance of the U.S. economy, and 
(2) the t^A^ and distribution of defense 
expenditures. 

In totafl, four projection scenarios were 
developed using the DIFS model developed 
by DRI. These-sCirt%ltos were based on 
two alternative sets of macr^economic 
'assumptions desigrted to encompass likely 
^jprivate sector performance during the 
simulation period.* Each of these^ in turn, 
was combmed with twf alternative sets of 
assumptions about defense spending. Th^ 
scenarios were run in September 1982, 
with the first projection period startihg in 
the third quarter of that yean ; 



with DRI staff 



macroeconomic 
assumptions 



Loiv-gro\vfh scenarios. Of the two sets 
<^ assumptions underlying the projections^ 
forecasting the performant^e of the U.$ 
economy was morej^roblematic. Th^ U.S. 
eco'nomy has been unpredictable since the 
late seventies when concurrent high rates 
of unemployment and infla^on charac- 
terized what came lo be call^ a "stagf lated'* 
economy This type of economy formed 

xthe basis of the low-growth (STAG} 
scenarios used in the analysis. These 
scenarios assumed that a weakened econ- 
omy Would characterize the first half of 
the projection periods but that the second 
half would see'a return to lorrg-run growth. 
Within the STAG simulations^ the infla- 
tion rate, mneasured by, the consumer 
price index (CPI), was sustair>edat relatively 
high levels and averaged over 7 percent 
per year for the 1982-87 period. During 
that time, the unemployment rate averaged 
10 percent annually, growing steadily from 
the 9-percent level evident in 1982 (chart 
1). During thesafrte periods labor produc- 
tivity,, as measured by output per hour, 
grew less than 1 percent annually (chart 1 
and appendix tabIesB-1 to B-4). ^ 

The economy in the low-growtb sce- 
narios was characterized by a steady but 

'relatively slow expansion. After registering 
0 decline in 198Z real GNP grew at positive 
i;^tes throughout the remainder of the 
simulation period, averaging somewhat less 
than 2 percent. Employment In SET occu- 



pations IS highly dependent }>n industrial 
performance, ^especially within manufaC'^ 
turing industries. Among the^ major de- 
j?re5sants'ot SET employment within these 
scenarios was the sluggish manner in which 
the manufacXiANng sector made up for 
production losses that occurred in 1982. 
Over the'simulation period, capacity iitili- 
zation in manufacturing industries rlrely 
exceeded 75 percent. 
^ Hjgh-growth scenarios. The high eco- 
nomic growth (OPTIM) scenarios provided 
upper range of SET einp|pyment esti* 
mates for this study. The first three years 
of the simulation period were characterized 
by relatively vigorous economic growth, 
after which time the simulation was eased 
toward lor^-run growth. Over this^riod^ 
it was a^umed that the inflationary ex- 
pectations developed during the seventies^ 
could be brol^en, and thus thjt average 
annual growth in the CPI wis restricted 
to 5 percent/ln contrast to ine previous 
* scenaric^^ unemploymeht declined steadily, 
falling to almost 6 percent in later years. 
Growth in labor productivity during the 
two years following 1982 rebounded* to 
levels not recorded sirKe the mid-seventies, 
then moderated to average 2 percent over ^ 
the entire projection period. 

In the OTTIM scenarios, real GNP growth 
exceeds 4 percent per year, rebounding 
frqm the^decline registered in 1982. Bylhe - 
end of 1983, these scenarios depict a growth 
in industrial production that more than 
compensates for 1982 losses. On average/ 
man i|factu ring industries show the largest 
production gains, resulting in projected 
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tnacrd^ohbirnic^asi^qi^^ 
used to i^enet^tfi enTiilo]^^ 
pnijecttons: 1^ f 

ft./Qmss l^atlohal product (QNP) 

(CSnstant do'jl^rs) 



-BitKons 




198^ '83 



*84 '85 
•Year 



'86 



'87 



^ (Annual rate of change)^ . ^ 
Percent ^ ' 

12 



QPTIM/HIGH 




1982 :83 '85. ^^^fliSy ^ >: 



'c; Uni|m(iibymjijjt'^^^^^ 
percertt, .^^^;:>:^^^^^?.^i^^^^^ 



.rates of capacity utiiizatioR exceeding 80 
percent by*1987. 

defenserexpeiiditure 

* ' assui^ptions 

. Ht^h-deferise e)jpend]hi^e scenarios. The 
high-defense expenditure (HIGH! scenarios 

* used for this Analysis assumed that the 
FY 1983 FYDP would be implemented 
wttliout change. According to thAFYDP, 
TOA— the to^jfl appropriation neraed to 
execute the proposed buildup— is scheduled 
to increase by $J86 billion in nominal'tetms 
between 1982 and ^987. a real increase of 
almost 45 percent (t^ble l)^ Most of the 
spending is aimed at force mpdernization, 
concentrating primarily in the procurement 
qf new and technologic^ly so^^histicated 
weapons systems, as well as fn resears^h, 

. development, and testirig evaluation 
(RDT&E) budget accounts* 6y 1983. TOA 



in these two accounts was anticipated to 
increase by 36 percent and 21 i5W(^!tt. * 
respectively, dramatically shifting the 
composition of the defense budget toward 
expenditures that most directly affect SET 
employment ^ t 

Because the actual disbursement of funds 
affes^ts indui^tricil proJtK tion and einpby^ 
ment. the OIFS model trani^latej^ TOA into** 
Actual defense outlays as contracts and 
expenditures are made ^Between 1982 and 
19^, defen^se* expenditures in the HIGH 
scenarios were anticipatecj to grow at ar^ ■ 
3-percent average annual rate in real terms 
Th^ annual grovrth in d^en^ expenditure*! 
IS highest during the 1953-85 period,, 
refleiX^g the impai.Tof pro^^uremen! (jro- 
grarj/s initiated one to two years earlier 
(chart 2}/ . 

Low-defense expenditure scenarios. Low- 
defence expenditure (LOW) ccenariO!M.on- 
strain real growth in defer^e spending to 
nearly 3 percent during the san^ penod. 



0-/ 



e\jmpte tKcF\ I'JiJiinJfV I ^53 bu Jt;t^s int lu J« ^ 
|jr^;o im rc^^^^. m ma|or wejptm sy*.r^msv»urthj*-f\. Ijv \Uc 
tbfw brdn^K«*Tot ihf miLtJry tJvcr 1 JOO nena jmrjl i were 

nutJcjf l\jwfTfd ^.ArrifT* n^^rlv 140 n^w ships jml iht 



Table! Summary statistics on the 
fiscal year 1983 Five-Year Offense. 
Plan: 198^-87 



h> tUivir vfjV^ H*tli-^ jpiM^TprMttiifi 





' De^nse budget 


1962 


1967 


Totaf obligation authority: 






Ourrer>t^9e3 dollars 






tbilhonsj 


^14 3 


$400 6. 


» CQnstanri9e3 dollars 






(biilbns) 

« 


' 2^7.6 


'3259 


Defense out(ay 




> 


oKpendltureft: 






Current 1963 dollars 






(biilbrtsl 




. 366,0' 


Constant 196^ dollars 






tbHijonsJ 


195.4 


?e8.7 


Com ppn ants of derenae 






budget (percent): 






Operations and 






maintenence 


3^.0% 


26.1% 




2« 


39.4 


Militarv personnel 


21 5 


14 0 


^ flesearcti, development. 






and testing 


103 


10 7 


Ratirement 


64 


^5 9 


Mjtary construclior^ 


27 


39 




WW 



•pi 

7^ 




i 




•SOURCE. Data Resources, ificorporafed 
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■ Sutti growth would be jjearly 2 percer 
points below, the res^ommendations set I 
the Carter Admmi^tratton in 1960 tnc^were^ 
deemeo^uffkiently conservative to provide^ 
a lo^wer bbund for this analysis-^? Under 
the LOW scenarios, personnel and retire- 
n^ent accounts Were left at levels prQposed 

,*by the current AcjpitnistratLOiA. reflecting 
the infeasibility of adjusting ^ese budget 
accounts downward. The entire difference 
in defense-expenditure growth between the^ 
LOW and HICH scenarios was, therefore, 

, confirmed to reductions in procurement, 
operations and maintenance (O&M). and 
RDT&E budget categories. 

assessing underlying 
aggumptions 

Since this analysis was begun, several. 
<.^uarters of economic perforraance and 
issuance ve VfOA 

viilec^an opportunity to assess assumptions 



projected r&nge 

,of SET 
jguirencients 



^ The STAG/LOW^nd OPTIM/HIGH 
^cenarios^^efine the maximum range of 
empl^men\and wtll form the basis for 
the analysis pr^^nted. According to thes^^ 
scenarios, jlie nojuber of |obs for appror 
priately trailed artd experienced workers' 
^in SET occupations wdl increase By 460,000 
'to 7 40,000 J)et ween imi and 1967. By 
the end of that period/'iXjs estimated that 
nearly^ mtllion people wHl be fequir^ in 
these^ccupations^ represenVng about 3.5 
percent of total employment 'X ^ 

Growth in SET rcquiremeptsNs expected 
to increase by 2 6 percent to 4 Kpercen4 
^^rihually through l<?87. significat^'tly in 

Hnual 



unde^ying the four^enarios. Irnte"fTf5r 
half of 1933, the U S.Jconomy has shown a 
vigorous recovery, iral GNP has grown 5 
percent per year, inflatbn has held ground 
<it a 3-percent annual, increase, rfie unem- 
ployfnent rate has fallen to 7 8 percent, 
and both productivity and industrial pro- 
duction are up.* Although an as^gBsment 
of long-run economic performance capnot 
be founded on short-run statistics,,a con- 
^ tinuation of th^ recovery, even if it were 
to moderate, might show^the OPTIM 
scenario assumptions to be slightly' con- 
s?rv*li^. With rega^d to the defense 
bui|pp, signals are mixed. The FY 1984 
FYDP has reirtforced the Administration s 
commitment to maintaining the course it 
set earlier. During 1983, however, contract 
awards were delayed and Congr^s, in the 
face of large Federal def ici ts, has approved 
only a 5-percent real increase in deferise 
outlays cutting procurement, O&M, and 
RDT&E accounts. Therefore, it appears 
that defense outlays will fall somewhere 
midrangeof the two alternatives simujated. 
^ Indications are that deviations in the' two 
sets of assumptions may be offsetting, with 
^ likely employment levels still falling within 
"N^Jy^briginal projected range. 



otcess of the 1 0- to 2 4-perc^nt 
^rnw>[^ TAto in overall cmplp-V 



lii very much in keeping with tVe 
trend chaFvicterizing thetJ S ec'onom^ 
namely, the growing technical sophistica- 
tion of the labor force. Two NSF studies 
Ifave shown that SET epiployment growth 
h<is been outpacing that of total employ^ 
ment in recent years, both in the manu- 
facturing and nefnmanufaf^turing indus- 
trial sectors. This has occur'red in ^art 
because of the strong performance of hrgh- 
technology industries tliat are characterized 
by work forces witti Jiigl^ oncentratLOns 
jof SET personnel. But mSR importantly, 
it has Occurred because the diffusion of 
technology tifroughoul the econotny has 



resulted m s^h^ng^s in the^btaffiftg rev^uine^- ' 
,meTtt^ of mdu^tnt^. Both NSF Mudies bave ^ 
found thatVhange^ m ^taffiq^^attern are 
the drying for(Vbe|tind SET'emplayment 
growth, .^counting for r5ughly*fo\jr?fifths 
of tht mC?^ab^n sL*enLeomploymef>Lr4tKt* - 
ov^f- oT^'half of that for enginms. and ■ 
tCihnKians Changes' in* TTie pattern and ' 
level of industrial growth. a& well as mo^ , 
in staffing, are reflected in the DIFS rfSodeL 
and were jyfors ^n 4etermining tlie re-' 
quircirrent. projections ^ * - 
' The wiil^r the range of eir^ployment ^ 
» requirements generated in an analy^s, the 
more difficult it is tcf dra'w meaningful 
conclusions. The fou^ scenarios developed 
for this study, however, resulted in a well^ 
defined ratige of projected SET .require-' ■ 
,nvents; never varying by i^re^than 5* 
percent from, tlhe a^jfr^ige 19^7 projected 
value in any of the major occupationaj 
categories (chart 3). Thef^sons for this 
are twofold. FiYst, only a small fraction of 
jobs in the economy t^quire highly sp^- 
\lalt7ed-1jt- T bk i llb. - V^ t y laiau - siv mg^m^ 
ind^^rial production would bejieeded to 
generate 'overall changes in employment - 
that would result in a wider range of pro- 
^jected SET requirements. Such swings are 
Dt realistic given recent economic per- 
formance and the short* time horizou being . 
sirAiilat^d. Second, it is also important to^ 
maKe nete of the different growth rate^^ 
for pu'oductivity that characterize the , 
scetranos. Productivi^, defined as output, ^ 
per worker. /intreases twite as fast iff the^ * 
OPTIM as it does m the STAG scenarios. ^ 
These productivity gams counterbalance^ 
the employinent impact of the more rapid 
industrial expansion found in the former, 
ultimately reducing the need f^r ad^li- ■ 
tional workers. 



^ * The R^buund BieAing R^ords But the Stfonier it 
Auf^B^l II, I9»3, pp 2**30 



tJtl^ pt>puljtiun The Jctn^nJ ^ro^Jion;* in iW^ report Att 

pr^jfCtiom Atv primdril)f hj^J on Jjtj from the UuTCdu uf 
LdboT St^tt4tu4 O^tipAtion Lmptoycn^M bUttstH.^ tOLb) 
^>ufvey Thi!» eiUbUhmeni survey ^Ijssihps mJivid«A» ok 
s(lC1^^tJs1s dhd en^jne^^'tf fhetr job r<H|Uir^s ^ fumtn>ndl 
levd compjrdble \i> thoi of d «njvefsiiy gf jJ; 

S/E^Hdted livldt Th« FuncttunjJ level of ie<k 
j^ucned to be lompdrdbJe to thdt dihicv^^ thfi>u]^h rddied * , ^m-^^ 
post««ior^ddry ^hool tr^inin^ S/E ?mpby ment yCtini diet ^\ 1^ 1^ 
iiwivcJ from (his suf\A?y jrc lovswr'thjn ihosf js/fffJied in I' VJ 1 

NSF s«Tyey* becjuse inariy S/t pfffor^nel wlio ^re nun 
d};crs, dJinjni!>tiJtorv> or proFt^MjTs ^re not d!i««iJ' 
Ax\ b/E fidd. ' 

"Njln>nal Science FounJdtion. Chati^m^ Emphytttfnt 
Paltfnt^ of SKifiitisti* Eti^uivfrSw and T^i:httictatt^ tn Mana^ 
factur\ttf:.Uuiti^lrifs 1977*^0 jFjndJ R«port| (NSF^^ 33lJ 
(Wjshins^on, DC. Oclobtr 1962] jrd T«hnK*l Em- 
p]e)^<4t| Cfoivth A(i.pL«rdt(^ Seltclfd Nonm^nufjLluc- 
ing Indus trie*/ Sfiftn^RfSQHr<ii§5tudiftl(t$hiight9'[Nb}^ 
«302rMWdshington,DC.Ociobtr I^J^tiJ) - 



the effect of 
"defense - \ 
expenditures' 

tjh rddied 

i;r: On SET - • ■ " 

^^^^ 



Chariges in national priorities oftea have 
a higK- technology emphasis and, heaciff.^ 
significant iihpact on^he, level at\Af^x^ 
pattern of.SET s^kHf r^ql^emervts^jT^ 



eric: 



12 



^5- 





^»500| 




pri^rpary reason for undertaking this special 
study was to assess the degre? to whic^ 
the SET labor market ccfuld adjust tojn'eet 
the additional dv^irJTTdv^^erated by the 
defence buildup that re^hed from the 
renewed emphasis of national security 
begun in the early eighties As originally 
* planrfed, this buildupcalled for a 45-percent 
• mcrease in real defense spending over a 
relatively short 5-year period and may 
place significant demands on the SET 
labor market- 

The anticipated effect of defense spend- 
ing on the SET tabor market is,generated 
by the former's targeting on the high- 
technology sector that directly or inc{irectly 
supports the production of sophisticated 
weapons systems: 

A number of recent studies have pre- 
sented est;imates of the impact of defense 
spending on industries and occupations. 
Models such as DIPS, that have been used 
to estimate defense-induced employment, 
corroborate the assumptions that defense 
requirements represent a significant frac- 
tion of overall employment in high-tech- 
nology mdustries. For example, defense 
contracts support nearly one-hatf of the 
employment used to manufacture aircraft 
and ships, one-fifth of employment to 
produce electrical machinery and equip* 
ment, and one-sixth of the employment 
needed to make scientific and control 
equipment. Moreover, within these in- 
jiustm«rgTowth rates of defense-related 
employmem are highly sensitive to defense 
spending levels. 

Durable-goods manufacturing industries, 
such as those just mentioned, staff large 
numbers of scientists, engineers, and tech- 
nicians within their work forces. The tar- 
geting of defense expenditures on these 
' industries is the major reason why nearly 
10 percent of the SET labor market is 
employed in defense- related activities. The 
Importance of SET personnel to the defense 
industrial base is reflected In the share of 
Its work forces employing these skills— SET 
personnel comprise over 15 percent of 
defense work forces, a sh^re significantly 
higher than the 3 percent found in non^ 
defense employment. The occupational 
composition of SET work forces engaged 
in defense- ^nd rtondefense- related activities 
also" differs in response to variations in 
concentration within manufacturing in- 
dustries, with defense employment much 
more geared to engineering professions 
(chart 4). 




In 1982, about 3 percent gf scientists, 
12 peri^ent of engineers, and 6 percent of 
technicians were employed in defense- 
related activities. Qn average across the 
four scenarios, the&e proportions are pro 
jected to rise somewhat to 4 percent, 15 
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percent, and 7 percent, respectively, by 
1967 (chart 5 and appendix tables B-5 to 
B-6) Requirements inTtveraloccupations, 
howeyeri a|^pear to^be relatively more 
sensitive to defense-related activities than 
macroeconomic performance and can be 
expected to be essential in implementing 
proposed defense programs. About one- 
half of all aeronautical/astronautical en- 
gineers were employed in defense-related 
activities in I9b2, andlby 1967 the pro- 
' portion is projected to Vise to almost 60 
p^cent. The share of plec'trical/electronic 
' engineers in defense employment is pro- 
jected to rise from 13 perceni to 15*percent 
by 1987, mecj^anical engineers from^9 
percent to 12 percent, and mechanical 
ei^gineering technicians from 18 percent 
to 22 percen^^ 

Although the defense share of employ- 
ment is relatively small inmost SET occu- 
pations, those occupations wiflvjhe largest 
share of defense requirements tend to be 
the ones that either demand highly spe- 
cialized skills or are fields that Currently 
or recently have undergone shortfalls in 
supply/ In each of these fields, hs is the 
case across all SET occMpational categories, 
projected growth in defense employment 
far exceeds that in nondefense empfoyment 
(table 2^. Thus, defense expenditures not 
only contribute significantly to the current 
levels of SET employmerif/but can also 
be expected to contribute disproportionately 
to its growth over the projection period. 

total projected 
requirements for 
scientists, f 
engineers, and 
technicians, 
1982-87 



The foregoing discussion highlights the 
anticipated importance of defense spend- 
ing during the 1982-67 period: Although 
defense- related activities are expected' to 
represent a significant proportion of total 
SET requirements, the majority of such 
requirements, nonetheless, will contmpe 
to be in nondefense acttvtties Therefore, 
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Table 2v Projected growth rates of 
defense and nondefense employment 
in major SET occupations: 1982-87 

(Pefcentj 





STAG/LOW 


OPTIM/HIGH 






Won- 








Defense 


defense 


Defense 


defense 




employ- 


^mpioy- 


employ- 


employ- 




ment 


ment 


ment 


ment 


Toiar 










scientrsts . 


6,1 


2.9 


9.2 


3.9 




^ 40 


1 4 


55 


24 


Computer 










systsms 










3ri3ty5ts 


8.9 


5.4 


123 


64 


L(f6 and pliy®* 










■cat 0 0 c 


5 ^ 


^ 13 


95 


2.4 


M3tti0niatrC3f 


3 1 


2 1 


re 




Physicists 


3 A 


1.2 


7.9 


2.6 


TotaJ 












6 1 


2 1 


10 2 


3 6 


■AeronaohcaJ/ 










astfoaaotical 


aa 


27 


14 1 


73 


Eiectfical/ 










electronic 


64 


35 


90 


45 


Industrial 


50 


1 6 


90 


30 


Mechanical * 


54 


1 7 


9.5 


3.5 


To:a1 










tecnntcjans 


5.0 


2 2 


8.0 


3.4 












Computer 










Progfammefs 


6 1 


4.2 


6.4 


4.8 


Electrical/ 










^ electronic 










engmeennQ v 




2.7 


6.4 


3.6 


Industrial 










engmeering 


4.0 


1 6 


8.1 


3.3 


Mechanical 










engineering 


5.2 


1.8 


10.1 


3.7 



NOTE StaOAOVS/ indicate* low-econcmiC5f*^'*ow- 
<^ren$e e;tpendttur« £C«n3rto, OPTJM/HlOH 
indicates h»gh.ecof)OmfC growth/htgh-delen^ 
expenditure scenerio 

SOURCE National Scrence Foundation 



any assessment of the adequacy of per- 
sonnel to meet defense requirements must 
be undertaken in the context of the total 
needs of the economy. 

t 

scientists 

Over the period being arvalyzed, slightly 
more than one-fifth of the SET work force 
Will be employed m jobs that require a skill 
level equivalent to that obtained through 
a university degree in a science-related 



field." Employment requirements in these 
os^s^upations are prO)e<.1eti to inaease within 
a range of* 3.0 percent to 4.1 percent per 
year between 1962 and 1987, indicating a 
moderation of the 8.7-percent average 
annual growth rate lhat occurred betw^n 



"The Ottupiiionji tmpioymem t>ufvfy iOESi JJsigrxs 
oi.4.up4tiun bv pnmjry work at,tiwit\ TKt* resulis m dti 
unJetesttrndtion of S/E employme/\*^ acidemia *in<e 
rnJividujU bvKo!>e m^ior re^pon^tbitity^ i$ tej<h[ng are 
4.^i^ott;^d m 4 j^ener^E occupation oi Pro^^^r ^nd nor iTi 
ihe;r L dtAyipLne Ba.dU4« ot tKc rcLti^e imporiarue of 
^^^Jcmui as^ ^rce oi empbyiufcit, tht undncoum should 
more !>igntfiCJtiT for ^c1e^tt»t» 'than engin^ri ^nd vvould 
wary dtr«sdiKiplmes Using NSF data on typeof empbytr 
jnd the proportion ot Ut,uity spending than one-hiJf 
thptr tune in K^D acit^ni^ rou^ «$ttmjtesof vndCKOUnK m 
vjFtous iietds ran ht determined For phyjic^i scientists the 
jndetcount ot r?qmtements mav b« ds high ds 12 percentr 
mjthtmdiitdl Htentftts ptf^ent lite sotntists M pfxctnt 
^Kui ^i«nt»>t$ Z4 prrceni jr^er^meffs 1 p«rrtnt l^tional 
^leme foundjdon US S<iftttt$t$ jnd Engtrtefr^ 19S0 
iDttdtledSiaitsiicJlTdhiesl rNbF32-Jl4| UVdshmg^on 
Dt l^Sl] jnd V>f*rat fnt RfUnrCh PjrttCitfatnytt JnJ 
Othfr ChaTacter\^tic$ i>t ReCfttt S<iftt^e and Ejn^mfentig, 
'ffiiuiiy \oi i Conird<i No ^Rb.rgJOSro ^Rotkville 
Md MJvlg^]^ 



1977 and 1982 (table 3) By 1987. em- 
ployment In these occupations is anticipated 
to reach 845,000 to 890,000, implying a 
net addition of 120,000 to 160,000 jobs ' 
over the 5-year period being analyzed. 

In comparing the four macroeconomic/ 
defense-expenditure scenarios, projected 
requirements in science occupations demon- 
strated little sensitivity to the differences 
between defense -expenditure alternatives 
used, but substantial sensitivil:^ to varia- 
tions in the general perfofmance of the 
U S. economy. The reason is that the/ 
majority of stience jobs are concentrate^ 
in nonmanufacturing iruiustries which are 
not themselves ma|Or recipients of defense 
contracts and awards. Among these In- 
dustries, the projections show that business 
and miscella^ieous 'Service industries can 
be expected to continue as the primary 
sources of employment demand for these 
fields, together they generate^ne-third of 



'The )t>""-6: Kf^wth raiw'tor bET empbymmt reported 
{hrou>;hout the le^t die hj^^ed on data from the Bureau of 
Ldho; SiJtu»m ^ Curieni Populaiion burvev ICPbP 



Table 3. Projected employment In science occupations: 1982-87 

(tn I thousand si 









Projected employment 


> 






STAG/LOW 


OPTtM/HIGH 


Occupatfon 




1967 


Annual growth 


1987 


Annual growth 




employment 


employment 


rate (percent) 


employment 


rale (percent) 


Totat scientists 


727 


S43 


3.0 


686 


4.1 




17 


17 


.1 


18 


1.4 




55 


59 


1.4 


^ 62 


2.4 


Chemists 


91 


98 


1.5 


103 


2.5 


Computer systeinsanaly^ta . . 


219 


287 


5.6 


303 


6.7 


Geoiogrsis 


4Z 


'46 


2.3 


46 


2.3 


Lifeandphystcahn.e.c 


28 


30 


1.3 


31 


2.5 


Mathemattcal 


51 


57 


2.2 


61 


3.5 


Physicists 


21 


22 


1.4 


24 




Social .. 


202 


225 


2.2 


237 






30 


35 


< 28 


36 


3.6 


Psycbologtsts 


90 


^ 100 


2.1 


106 


3.2 


Socioto^ts 


9 


10 


1.7 


11 


2.6 


Soctat.n.e.c 


72 


79 


1.9 


64 


3.0 



NOTES. Because of rouotling. co/npQn«nt« not corre^Pontl (o totals STaG/LOW Indicates low^ononiic 

growtn/iow'ddfense expenditure $ceneri0p OPTJM/HIGH jndtcates hlgh-ecenomic growth ^Ngh-detervse 
expenditure scenario* 

SOURCE: National Science Foundation 
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both the ievel and growflTof science em- 
ployment over the projection period (table 
4} The business service industry is com- 
prised of a variety of establishments whose 
work forces contain large conjLentrations 
of SET personnel; R&D laboratories, 
management consuttirig and commercial 
testing firms, and computer and data 
processing establishments. The majority 
of science employment in the miscellaneous 
service industry is also concentrateij in 
establishments with technically sophisti* 
cated work forces scientific, engineering, 
and surveying ser'C^ice establishments, as 
well as nonprofit educational, scientific, 
and research organizations. 

By 1987. the majority of science em- 
ployment rs projectecTto be concentrated 
m three occupations computer systems 
analysts, psychologists, and chemists 
(charto) The importanceof thecomputer 
systems analyst occupation in determining 
projected requirements is also reflected in 
Us contribution to the growth of science 
occupations over the analysis period, ac- 
counting for Over half the total increase in 
requirements , 

Computer systerns analysts. The domi- 
nant force behind employment growth m 
science occupations over the past decade 



has been the rapid diffusion of computer 
technology both in business and in 5/E 
applications. Although'it w^s not until the 
1970 decennial census t^^at this |ob category 
became sufficiently large to become a part 
of data collection e^^forts, by 1987 the 
projection scenarios estimate that 290,000 
to 305,000 people will be required to 
perform this job function. Roughly half 
these per&onnel are Expected to be employed 
in business services {25 percent), finance', 
ini&urance^^nd real estate {12 percent), and 
the wholesale and retail trade industries 
(12 percent]. 

Gr.owth in this occupation will not be 
conTmed to industries that are major em- 
ployers, however. Decreasing costs, re- 
ductions in size, and expanding applications 
have made the computer adaptable to a 
wide variety of employment environments 
with the result that most industries are 
expected to staff higher concent LaL^ns of 
people with these skills, As1^|Rsult. 
between 1982 and 1987. projected em- 
ployment for computer systems analysts 
IS expected \o increase by 5 t> percent to 
6 7 percent per year, a rate almost three 
times as rapid as those in other major fields 
of science. Such growth will create an 
additional 70.000 to 85,000 |ob oppor- 
tunities over that 5-year period. 



Table 4. Major Industries determining projected level 
and growtti tn science employment; 1982-87 
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Expanding job opportunities in this 
occupation will draw on S/E personnel 
from other fields, to some extent masking 
the need for personnel with other training. 
In a science environment, most employers 
require systems analysts to have a strong 
foundation in ph>s*s.al ss^ienLes, mathe- 
matics. or engineering; in business en- 
vironments, knowledge of economics, 
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<it.woijntm^^ K}T business mdnagement is 
ofttjn wonMd^red important.'* Over the 
>j.^dn>. it hdb become Inwreat^ingly JiffiLult 
tg draw the line between computer scierKe 
ib^lf and u^e of the computer as a totil m 
v^noub uther disciplmes. It is because of 
the flexibility of the S/E work force in 
meeting the need for computer related 
skills, however, that this occupation has 
been able to grow so rapidly. 

Social scientists. Requirements in social 
science occupations are projected to provide 
between 225,000 and 235,000 jobs in 1987, 
These estimates may. in fact, understate 
employment needs, in ,this occupational 
category since significant numbers of social 
scientists are employed'in academia. To 
the; extent these individuals state teaching 
as a primary work activity, they will not 
be associated with their basic area of study 
by the data base used to predict occupa- 
tional staffing assignments. Outside of 
academjc employment, however, over half 
of all social scientists work in the non- 
manufacturing industries, primarily in 
miscellaneous services (33 percent), busi- 
ness services [11 percentf. and finance, 
insurance,and real estate (7 percent). 

Projected growth in, social science re- 
quirements IS among the fastest of the 
noncomputer-related science fields, with 
the average annual growth rate ranging 
from 2.2 percent to 3.Vp€rcent. This 
growth is distributed relatively evenly 
across industries indicating that industrial 
expansion-not changes in the patterns of 
staffing within work forces— is generatiiig 
most of the projected increase in require- 
ments f^ these workers. In total, between 
1982 and 1987 an additional 25,000 to 
35,000 jobs are anticipated to be created 
because of growth in requirements. 

Two occupational subcategories dom- 
inate social science employment, psycholo* 
giSts (45 percent), and economists (15 
percerit). Employment requirements for 
both these occupations are expected to 
increase at an annual rate of over 3 percent 
during the projection period. This suggests 
a continuation of the growing tendency 
pf government and industry to use indi- 
viduals with these skills as consultants. 
Psychologists can be expected to benefit 



*^Pep4Ttnien( of t^bor. Buruu of Labor Stjtiit>Cs> Qccu* 
patjonai Onthotc Handbook: 1932'$S EdtHon, BuUeton 2200, 
ApfiJ 1953 mdOccupattotialPfOfecti^tiiOrtJTtmttttS Data; 
mz Utlton, BuJletin ii02 iWasJimgtort, D.C. SupL of Duc- 
ucnentt.U S Cov«nme(rtPlrinUrvgOffice.D«c«nbtri9&2) 
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from sustained emphasis of human re- 
sources developmint, health maintenance, 
and program evaluation in such fields as 
consumer protet^tion, health, education, etc. 
They can alsp expect to be increasingly 
called on to analyze the psychological 
impact of technological change.^* Econo- 
mists, on the other hand, can anticipate 
*^n expanding role within industry by 
applying their theories and statistical tech- 
nii!{ues in areas essential to business man- 
agement 'decisions: marketing, pricing, 
international finance, and forecasting. 

Physical scientists. Because of its increas- 
ing utilization in industry and relatively 
strong ties to increases in defense expendi- 
tures, physics is the fastest growing df 
the physical science occupations with a, 
projected average annual growth in re- 
quirements, of 1.4 percent to 3.0 percent. 
The majority of this growth will be con- 
centrated in {Itree fast-growing durable- 
goods manufacturing industries^fabricated 
metals, machinery, and transportation 
equipment. The number of chemists, whose 
employment is closely linked to thechem-j 
ical manufacturing industry, is expected 
to increase at a rate of 1.5 percent to 2 5 
percent per year. Growth in requirements 
For geologists js projected to lie within the 
same range, primarily resulting from in- 
'creased needs of the mining and business 
seLvice industries. In total, the new growth 
in these three physical science occupations 
is expected to result in 15,000 to 20,000 
additional jobs between 1982 and WZ? 

Mathematical scientists, Mathe;natical 
science is also prpjected to be among the 
fastest growing of the noncomputer science 
fields. From l?ja.|.to 1987. requirements 
in this occupation afe expected to increase 
frpm.2.2 percent to 3.5 percent per year, 
Tesulting in 5,000 to 10,000 job oj&por- 
tunities. Similar to physicists, this cwoj- 
pation is sensitive to defense-expenditure^ 
assumptions because of its presence in 
duraBIe-goods Industries tkat tend to re- 
ceive large awards from military procure- 
jnent and RDT&E accoun/s. 

Life scientists. The agricultural and 
biological science occupations show the 
smallest projected increase in science 
requirements. Of these two occupations, 
agricultural scientists are projected to grow 
the slowest, barely keeping pace vyith 

'^D«piTlmfrnt of Ubor. OttHpaNonal Outlook Hanel' 
book, ibid. 



average growth in overall employment. 
Biological scientists are expected to grow 
at twice that rate, nonetheless, this growth 
will fall below that indicated for other 
science fields. In 1987, combined require- 
ments In these occupations is expected to 
range from 75,000 to 80,000, yielding 5,000 
to 10,000 additional job opportunities, 
t 

engineers 

Despite the. slowdown in economic 
growth that began in 1979, severe shortages 
m many engineenng fields .persisted as late 
as 1981^ primarily because of (he rapid 
growth in S/E employment within private 
industry. While the supply/demand situ- 
ation had moved to balance by mid-1983, 
the rapid growth of the GNPin that year, 
the anticipated acceleration of technological 
change, and the large increases in defense 
spending have generated concern ^out 
the adequacy of the future supply of engi- 
neering personnel tc^ me«t the expected 
growth m requ^irements.^* 

Accordmg to the projections developed 
for this analysis, requirements in these 
occupations are projected to grow between 
2,6 percent and 4.5 percent per yeaj be- 
tween 1982 and 1987 (table 5). Assuming 
that the recovery will continue and defense 
spending will remain high, the actual 
growth rate achieved should be toward 
the top of that range. There would appear 
to be, therefore, little indication th^t growth 
in demand would fall off appreciably from 
the 4.7-percent annual growth in empby- 
ment that was recorded over the 1977-82 
period. By 1987, requirements in the^e 
occupations are expected to range from 
1,295,000 to 1,425,(500, implying a net 
addition of 155,000 to 285,000 jobs. 

The concentration of engineers in ex* 
pandingr high- technology industries is the 
key factor underlying the Anticipated strong 
growth of requirements in these occupa- 
tions. The nonmanufacturing busine^ 
service industry, which has a SH'-mtensive 



'*Njilional Science Found lon. " Industry Reports Short * 
d^fs ot bcienttsts md Er^tne«rs Down Sut^Unttally From 
|gS2 tu 1933. Sr^ftce Rtsourcts Studies Highhshts (Wath 
ington. PC. Febru^ary 17, 1084 ) Th«t actujt rcductbns 
in SET empbyment did rvot *ppt*T cjrtLer thjn 19B1 <<iuld 
Fuvf beeJi. tn pari, the result of pfr«onn«t potictcs Arve^tdl 
evidence suggests ihatn tn anticipation of future needs, 
employers *xt Adver$« to releastng skilled worker^ during j 
recession Such emptoymenl pttcikt* would suiUin SET 
em;>loymenl during economjc slowdowns, ptovidlng An 
Atii^KiA floor for rc4|uireiTients. 
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Table 5, Projected employment in engineering occupations: 1982-87 

(In thousands) 
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66 
57 
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190 



2.6 
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3.9 
2.0 
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26 
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61 
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16 
32 
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4.5 



11.1 

2.7 

2.g 

3.6 
4.1 
4.4 
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3.8 



NOTES Because rounding. cojnPOnenls may not Correapooa^I^Jtais STAGaOW indicates Jow-econom*C 
growth tow'-defense ejipendaur« scenano, DPTIM^HiGH tnd^tes high-economic grbwlh^ htgh- defense 
eVpendiiure Jcenar 10 _ * ' 

Source N^l^or^al science Foundation 



v\urk ioiKC* pru|ei.teJ to be the largest 
indusftnal employef of ent^meers by 
representing one-bixth of tot^I requirements 
t^nJ dn ei^uj^alent ^hare pf growth over 
the 1982-87 period (table t>). Most of the 
remaining engineers are expected to be 
employed within durable-goods manu- 
facturing industriesr including electrical and 
nonelectrical machineryr fabricated metals^ 

- fable 6. Ma{or industries determining protected level 
and growth in erfgtneertng employment 
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transportation equipment, etc. Some of the 
anticipated increase for ent^ineers within 
these industries will be derived from general 
employment expansion as production is 
increased to meet both defense and private 
sector needs. A significant^share of new 
jobopportunitiesr howeverr is expected to 
result from changes in staffing require- 
ments resulting fron\such factors as tech- 



nological change and greater emphasis on 
productivity, quality control ^nd cost 
efficiency. These factors will lead to rela- 
tively more jobs for engineers within 
industrial work forces.'* 

In 1987, approximately half of all engi- 
neering requirements will be in either 
electrical/electronic or mechanical sub- 
specialties (chart 7) Combined, these two 
occupations are projected to account for 



^'N^tiondl btji'ncr Foundation^ Changing Entpio^ment ' 
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over one half the growth in engineering 
requirements between 1082 37 A third 
citcciipation which is highly sensitive tu 
grtmth in defense spendir^g is aeronautical' 
astronautkal engineering Although this 
occupation represented less than 6 percent 
of 1<>82 engineering employment, it is 
expected to account for nearly 14 percent 
of its growth over the Absequent 5 year 
period. 

Electrical/electronic engineers. This 
Lwcupation is the largest of the engineer- 
ing specialties aftd. in IW, isantkipated 
to provide between 395.000 and 420,000 
job oppotiunities The electrical machinery 
Industrjj is ihe major employer of electrkaL' 
electronic engineers, but signifkant num- 
;crs of these personnel ai^e^lso employed 
in bu'iinesss^/vice. nonelectrkal machinery, 
precision instruments.' and commurit^tions 
industries 

Tins ocs^upation is projected to be one 
of the f.i^jtet^t growing engineering fields, 
and shows a marked sensitivity to defense- 
expenditure assumptions Requirements are 
expetted to increase within the rang^ of 
3 9 percent to 5.1 percent per year over 
the analysis period indicatmg a likely 
ins^rease oier the 4.1-percent annual rate 
of employment growth recorded over the 
preceding 5-year period In total, it is 
projected that there will be 70,000 to 95,000 
additional jobs in this occupation between 



eiuonomic growth in the period prior to 
1990. Thus/ the rate of increase of elec- 
trKal/electronii. engineers anticipated by 
BLS lies within, but at the high end of the 
range projected in thisanalysis.^^ 

In 1980, the American Electronics^ 
Association (AEA) conducted an employer 
survey of 814 member firms requesting 
projections of requirements for these per- 
sonnel through 1985. In "Technical Em- 
ployment Projections of Professionals and 
Paraprofessionals*" the AEA reported 
extra po]atior\^ of their survey results to 
the entire economy estimating a 12- percent 
annual rate of employment growth for 
electriLal/eleiutronic engineers (more than 
double that under the OPTIM/HIGH 
scenario). Employer projections are most 
accurate when based on orders and con- 
tracts in hand^ generally for periods up to 
one year. Over longer periods, company 
plans tend to produce upwardly biased 
estimates of total employment for a variety 
of rea^ns^hese irKlude overly optimistic 
evaluations of future industry sales and 
company performance (especially during 
times of rapid growth], ^nd the^inability 
of individual companies to take account of 
the zero-sum adjustments that govern in- 
dustry 'performance (within an industry^ 
one company s gains are always at the 
expense of another). 

Mechanical engineers* Mechanical 



l^^Z and 1QS7 Nearly one-half of the^^^h engineering is thesecwd largest engineer- 



nevv jubs are expected to be concentrat 
in electrical and nonelectrical machinery 
indubtncb. the business service and com- 
munications industries are projected to 
provide a significant share of ^hose 
remaining. 

O^r the past several years, electrical/ 
elcL tronic engineering has been considere^ a 
potential shortage field, with demand 
t xtetding the available supply of personnel. 
Alternative projections were compared 
to the ones reported here to determine 
the degree of consensus surrounding 
anticipated employment growth in this 
occupation 

in 1983. the Bureau of Labor Statistics 
(BLS) developed employment forecasts 
over the 1983-95 period as part of its 
medium te^m occupational projection 
program. Using its own macroeconomic 
model and assumptions rdgarding social 
political and economic development, an 
annual range of employment growth of 
roughly 4.5 percent was projected. The 
BLS projection scenarios assumed stronger 



ng specialty^ By 1987, requirements for 
per&onnel with such skills are expected to 
range from 225,000 to 250.000. Employ- 
ment of the^ engineers is distributed across 
a broad spectrum of industries. The non- 
electrical machinery and business service 
industries are fhe largest employers. Sig- 
nificant numbers of these personnel/ 
however, can also be found in electrical 
machinery/ fabricated 'metaL transportation 
eijuipment/ artd construction industries. 

The broad industrial base providing job 
opportunities in this field generates an 
employment r^esponse across scenarios that 
is equally as sensitive to macroeconomic 
as it is to defense-expenditure assumptions. 
Between 1982 and 1987, the annual rate 
of growth in requirements for mechanical 
engineers is expected to range from 2.1 
percent to 4,1 percent, generating a net 
increase of 20,000 to 45>000 job oppor- 
tunities. This growth, if actualized^ would 



represent an acceleration of the 2.0-percent 
annual growth rate in mechanical engineer- 
ing en>ployment recorded over the 1977-82 
period. Growth in requirements reflect 
anticipated expansion of the machine tool 
industry, as well as changes in staffing 
patterns throughout the economy that 
reflect the need for additional personnel 
taoperate increasingly complex industrial 
equipment. 

Aeronauttcal/astronautical engineers* 
This occupation is highly specialized and 
plays an important role in industries in- 
volved in defense aircraft and missile 
systems, commercial aviation, and space 
exploration. Employment in tjiis ooeupation 
is Tiighly sensitive to defense programs 
and. because of<these programs, is expected 
to be the most rapidly growing engineer- 
ing specialty over the next five years. By 
1987, requirements in this occupation are 
expected to range between 85>000 and 
110,000. The annual rate of growth, rang- 
ing from 5.9 percent to 11,1 percent, is 
anticipated to ger>erate an addiiKonal 20>000 
to 45,000 jobs in this*^eld over the 
1982-87 period, 

Other engineers. Employment ift the 
rernaming engineering specialties— civ ih 
industrial, chemical^metallurgicaL and 
mining/petroleum-is projected to grow 
faster than that of the overall work forces 
between 1982 and 1987, Taken indi- 
vidually, however, these occupations do 
not contribute significantly \o the projected 
growth in engineering job opportunities. 

In 1987. combined requirements in civil 
and industrial engineering occupations are 
projected to range between 295/000 and 
320,000. Growth in requirements for these 
two occupations between 1982 and 1987 
IS expected to be limited by the industrial 
composition of these two work forces. In 
the case of civil engineering, major em- 
ployment sectors— Government and the 
construction industry-are not expected to 
generate the expansion needed to sustain 
prior levels of employment growth. As 
for industrial engineering, the vyide dis^ 
persion of this field s employment across 
industries reduces the ability of any one 
in particular to accelerate employment 
demartd, A combined net increase of 23>000 
to 55,000 jobs IS anticipated for these 
occupations between 198Z and 1987. 

Chemical, metallurgical^ and mining/ 
petroleum engineering occupations 
represent relatively few SET personnel, 
and/ together are only projected to provide 
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between 105.000 and IIO.QQQ job oppor- 
tunities m 1987. Over thcS-year projection 
period, it is anticipated that the net growth 
in requirements in these specialties will 
range from 10^000' to 15,QQQ. 

techmcians 

the data show, growth in demand 
for engineers and computer systems ana- 
lysts has been closely paralleled by growth 
in requirements for technician personnel/ 
These workers serve several important 
functions within the SET labor market* 
First, they provide highJy specialized 
^ technical support to S/E personnel across 
thtf full *pes.trum of activities, including 
not only pro^kiction, but also research and 
development. Second, technicians have, in 
the past; served an important role as an 
employment buffer when the supply of'' 
j*related S/E workers was inadequate to 
(meet demand, 

" Over the past decade, however, this labor 
market has been coming into its own. The 
increasing technological complexity of 
industrial and research equipment is open- 
ing up many new job opportunities, and, 
at thet^^e time^ is requiring the acquisition 
of more specialized skills. The knowledge 
content of technician jobs has increased 
to the point where some degree of formal 
training is becoming the rule not the- 
exception. Moreover, some technician 
occupations, such as computer program- 
ming and engineering technology, are 
requiring 4- year university or apprentice- 
ship progrartl^. The more rapid the job 
growth and the hiore specialized the train- 
ings the mo^e inflexible is the supply of 
necessary p'ersonneL For these reasons/ 
the adequacy of the supply of personnel 
in these occupations has become an area 
of concern,^ 

According to the projection scenarios, 
rt^quirement^ for technis.idn& are anticipated 
to reach 1,650,000 to 1,76Q,QQQ by 1987 
(table 7), The business service industry^ 
the major employer of S/E personnel 
employs the largest share of these workers, 
providing one-fifth of technician job op- 
portunities. Outside of this industry, 
however, employment of these personnel 
is widely dispersed across nonmanufactur- 
ing and manufacturing industries alike 
(tables]. 

The dispersion of technician employmeni 
thoughout the ecorxjmy makes the demand 
for these personnel respohsive to both sets 

erJc ^ ,o 



Table 7, Projected employment In te^chnlclan occupations: 1962-67 



I tn thousands) 







Projected emptoyment 






STAG/LOW^ 


OPTIM/HIGH ^, 


Occupation 


1902 


1987 


Annuat growth 


1987 


Annuat groSfb*^ 




emptoynient 


ajti i^lnunl Ant 


raid f Descent 1 


Aiti n iDvm A fit 


rate foercentl *^ 


Totat technicians 


1,466 


1.649 


2.4 


1.760 


3.7 


^ComputerprogrammerS — 




290 


4.3 


300 


. 5.0 




^ 312 


338 


. 1.6 


368 




Etectricat/etectronic 










engineering 


^ 345 


400 


3 0 


421 
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2,9 



; 
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9fOw^1^^ow•<^efensfl expendHuT^L scenario. OPTtM/HIQft indicates higt\*econoinic growtn/hlgh-detenfle 
expendnur© scebano^ ■ . / ^ 

SOURCE: National Science Foundation 

Table 6* Major industries determining projected level 
and growth in technician employment 
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STAG/LOW 


OPTtM/HtGH 




1982 


EmplDvment 


Growth 


Emptoyment , 


Growth 






1987 


1^02-67 


, 1907 


'1982 


-07 




ploy. 
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Industry 


ment 






Annual 


Stiar,e 






Annual 


Share 




* tevel 




Oistri. 


growth 


of 




Distri- 


growth- 


, of 




(thou- 


Levet 


bution 


rate 


growth 


Levet 


bution 


rate 


growth 




sands) 


[thou^ 


(per. 


(per. 


(per. 


(thou- 


(per- 


(per- 


(per- 






sands) 


cent) 


cent] 


cent) 


sands^ 


cent) 


^ cent]' 


cent) 


Total ma|or industries 


905 


1.054 


63 


3,1 


82 


1.109 


63 


4A 


6^ 


Business services 


320 


' 375 


23 


3.2 


30. 


396 


22 


4.4 


26 


Chemfcafs 


40 


52^ 


3 


1.6 


3. 


- 53 


3 


1.9 


2 


Communicatfons 


50 


54 


3 


1.4 


2 


55 


3. 


1i9 


2 


HJectricatmachinerv 


US' 


13S 


S 


4,7 


16 


152 


' 9 


' 3.4 


0 


FabrJcaled metats 


44 


49 


3 


2.3 


3 


59 


3 


5,9 


5 


Machinery, except elect neat . 


1^3 


155 


9 


3.9 


13 


146 


e 


6.2 


13 


MisceUaneous^rvjces 


89 


102 


6 


2,S 


7 


108 


6 


3,7 


6 

* 


Wholesalean'dretailtrade 


119 


131 


6 


1.9 


7 


140 


. e 


3.4 


7 


Allothef Industries 


e 561 


595 


37 


1.2 


18 


652 




it 





NOTE STAG/LOW mdlcaies low-economic growth/low-defense ©xpendaofe scenario. OPTlM/HlGH" indicates high- 
economic growtn/h1gh^ddf«nse exPendliur^ scenario. 

SOURCE: National Sdence Foundaiion 



of assumptions underlying thi& analy^i^. 
general performance of the U.S, economy, 
as well as the level of defen&e expenditure&. 
Between 1982 and 1987, requirements for 
these personnel are projected to ins.rea&e 
within a rar^e of 2,4 percent to 3.7 percent 
per year, a rate far in excess of total 
employment growth ihroughout the 
economy. Over the 5-year period, this 
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growth implies a net addition of 195/000 ^ 
to 295/000 job opportuinitie&, TKe fast- 
growing business service indu&try is pro- 
jected to provide the majority of employ- 
ment growth in the&e occupations. A Sig- 
nificant, but som^^hat smaller share of 
new job openings i& expected to be con- 
centrated in the electrical and nonelectriLal 
machinery industries, i 

.13 



Computer programmers. Computer 
pro{^rammmj4 &b pr\>|e*.k*d to be one of the 
fdbtebt gK>wLng of tedt^RKidn occupations. ' 
Responding to the increasing use of the 
computer both in business and m S/E 
(ipplicatjons* this occupation is expected 
to represent mor^ thaft one-sixth of techni- 
cian requirements by 19S7 (chart 8). Inithat 
year, the projections ir^icate a level of 
requirements ranging from 290,000 (p 
300,000. The rftajonty of these requirements 
will be innonmanufacturing industries such 
as bui^iness services, finance, insoii^nce^ 
and real estate. mi«>cellaneoub servjces. and 
wholesale and retail trade. Within the * 




manufacturing sector most of the require- 
ments will be four^ in th^^^ur able -goods 
electrical and nonelectrical macTiinety 
industries. 

In the five years preceding 1982, the 
employment of computer programmers 
grew at an unprecedented rate of 13 percent 
per year. Occupational ar^lyst^^have an- 
ticipated, however, that while employment 
growth in thib occupation should remain 
btronj^. it nonetheless should moderate. This 
evajuation is based on the net effect of 
two tr^ds-the increasi^S^^^J P^^- 
grammerb as more industrial job functions 
are autotnated. and the reduction in require- 
ments engendered by improj/e^ents in 
applications software that have mad^ the 
.comp&ter accessible toother personrTeP* 

In keeping with these expectations, 
grovyth in requirement* for computer pro- 
grammers iS projected to r^nge from 4 3 
percent to 5 0 percent per year betweeen 
1982 and 1987. opening up an additional 
53,000 to t>5,O00jobs. Almost one-half of 
this employment growth is expected to be 
generated by business and miscellaneous 
service industries, primarily in R&D lab- 
oratories and establish(nents providing 
computer prog^iming, management^ ^nd 
accounting ser^fts. Most of the remain- 
ing new job openings are expected to be 
found in the manufacturing sector, par- 
ticu^arly inmdustrieb producing electrical 
machinery, nonelectrical machinery* and 
transportation equipment. 

Drafters. DraftersiaccourU for roughly 
one-fifth of technician employmei>t. pro- 
viding assistance across a wide range of 
engineering and architectural specialties. 
These personnel are generally well- versed 
in mathematics* physical Sciences, and 
manufacturing methods. By 1987, require- 
ments for these workers are projected to 
range from 340,000 to 370.000. Most 
di^fting job opportunities are expected to 
be found in the miscellaneous service 
industry, primarily in scientific, engineer- 
ing, and surveying service establishments. 
A significant share of the remaining jobs 
IS projected to be concentrated in large 
durable-goods manufacturing industries, 
including electrical and nonelectrical 
machinery and fabricated metal products 

The rate of employment growth in fhis 
occupation is projected to range from 1 6 
percent to 3.3 percent per year ovei^ the 



'♦Defaftment of Ubor, OccupaUoitnl Outlook Handbook, 
op. err 



I98ll&7 period During thajt tipe* an 
additional Z5, 000 to 55.000 drafting job*, 
^re expected to open. Mjst of this proje^^ted 
growth in reCJuirements will b& concentrated 
within the business service industry, as 
well as xn "dtirable-goods nianufac^uring 
industries producing electrical and 4 
nonelectrical machinery. 

Industrial growth and the increasing 
complexity of industrial design problems 
can be expected tu ^.ontribute to sustain- 
ing growth in this field. It is believed, 
however, that new technologies such as 
computer aided design and manufacture 
4(CAD/CAlO)) may reduce thetieed for such ' ^ 
personnel. If this be, the case, growtfT ^ 
rat^s lower than those projected ma^ 
anally occur. 

technicians^ The majority of tech- 
nicians are employed in a variety of S/E 
subspecialties. Electrical/ electronic engi- 
neering, mechanical engineering, industrial 
engineering, and S/'E_techniCians, nec 
By l98r. requirements in these occupa- 
tions are projected to reach 1.020.000 to 
"i .090,000 The majority of these workers 
are expected to be emViIoyed as ejectrical/ 
electronic enginjeering technicians, or in 
■ the larger category, S/E technicians* n.e.c* 
that includes specialties in aeronautics, 
agriculture, biology, instrumenta^on, 
mathematics* meteorology* etc. In gCTieral. 
^he employment environment of these 
technicians mirrors that of their S/^- 
occupational counterparts with l^rge 
numbers working in R&D laboratories and ^ 
in major durable goods manufacturing 
industries (electrical and nonelectrical 
machifi^y* chemicals, transportation 
equipment, ♦etc.). A notable exception iS 
the higher concentration of the^f workers 
in trade industries to>)erform sales and 
customer-related service functions. 

Between 1982 and 1937* requirements 
in these occupations are antictpatea to 
increase within a range of 2.1 percent to 
3.5 percent per year/ a rate of growth 
sufficiently sJrong to maintain, the rank- 
ing of these specialties as a major source 
of empioymenf growth throughout the 
economy. Over the 5-year . projection 
period. 100*000 tu 173,000 additional jobs 
are expected to be generated for these 
personnel. Major factors underlying this 
growth include industrial expansion/ as 
well as changes m industrial staffing pat- 
terns mandated by the complexi^ty of state- 
of-the-art industrial equipment and the 
adoption of automated industrial processes. 
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the'sufji^fly of SET^personnef 
and labor market balalnce 



labor supply 
model 



In Older to identify potential labor matket 
imbalances, dei^and projections must be 
compared to estimates of the available 
supplysXli personnel Th& occupational 
supply model chosen for this\artatysis 
represents the state-of-the-art.^Developed 
under contract to NSF by Drs, Robert 
DauffenBack Jack Fiorito, anci Hugh Folk, 
the model was first u$ed in the midseventies 
to assess the S/E labor market impact of 
Project Independence, a policy initiative 
directed toward n'attonal energy self- 
sufficiency. For purposes of this^study, 
the model was updated to incorporate the 
most recently available data and to improve 
causal structure within certain of the 
model's subcomponents,*' 



^*The earlier ntodel application can be found in 
DautftfenBxh' I FioriU>. ^ H. Folk' A Study of |Vqject«d 
Supply/ Demand Imbalances of Scientific and Technical 
Personnel/ ContT^uri No. NSF C SRS76 »0591 (Sttlin^ater, 
Okla Oktahoma State UniversLtyH 1960) D^dptionsof 
revisions and more detaiW 'indmgs from the current 
4pplH.atK>n aTe pretenKd in R. C DauffenEtKh and J Fionto, 
"Projections of Supply of Scientists arul Et^inem to Me«i 
Defense and Nondefenfe Requirements, 190 hS7/' Contract 
No N5FX.St(56M0349 (Stitlwatet, Okk Oklahoma State 
Univeisity, 1 963 J. 




general 
Wiaracteristics 



The Dauffe^feach/Fiorito/Folk (DFF) 
model is unique in that it depicts the supply 
system for S/E personnel ip 21 occupational 
cat^ories representing computer specialties 
(systems analysis and programming), en- 
gineering, as well as mathematical, phy^ic^, 
and social sciences.** For each occupatioa 
the model determines the supply of per- 
sonnel in any giv^n year from the supply 
in the preceding year~^djusted to account 
forithe net effect o^ worker flows into and 
out of that occupatioiv" 

The primary focus of the model is on 
the behavior that governs S/E personnel 
flows. These flov^ describe changes in 
supply that relate tothreetypc^ of worlters-^ 
New labor force entrants, experienced 
workers, and immigrants (chart 9), New 
labor foice entrants, who have recently 

terminated their education to' pursue full- ^„n^ ic^uiv. nvm u^mi? i^Ku^m^^ix^. 
time S/E employm»it are incorpo'i|j[ed Into '^fe^periericed worker behavior in the model 



(2) curriculum choice,]^) labor force entry, 
and (4) occupational choice. A widev^riety 
of factors influence the supply b?navior 
of the^. workers including demographic 
trends, Hhe availability of family income 
to finance college &9ucation, tabor iv^arket 
conditi(}ns, and the compatib,iUty. of coU^ 
coursework to occupati^al^SpH require- 
ments. (See technical notes, '*Stock Flow 
Model of Science and Engineering Labor 
Supply.") Experienced workers constitute 
the second category of personnel who affect 
overall supply. These workers provide a 
short-term flexibility to the S/E suiSjal^ 
*system that cannot be met through recenr 
college graduates. Omitted from most 
supply analyses because of data, theoretical ^ 
and methodological constraints, occupy, is^, 
tionat mobility df the experienced work* ^ 
force is incorporated into^the DFF model 
through estimates of personnel flows into, 
among, and out, of S/E o(!cupations; also- 
included are flowS out of the labor force 
that result, from deaths and retirements. 



the S/E supply as a result of the cubnination 
of four decisions; (1) degree attainment. 



"Includedare computer specialists ((computer systems 
analysts and compuier progr^mmfrs), aeronautical/ 
astronauiicai, chemKaL^civiL electTK^electroni^;^)istruL 
metKaniLjL cnetalturgicaL mimng/peiroteum, and en^- 
neerf, n.CnC.P and mathenuiical agiKultwaL bwtqgical earlh, 
olhei life and physical* ackd social scienftlts, n.ex , as v/tii 
a» chemisis, phy£icjst£, economists, psychologists' and 
sociobgisfs. . ^ ^ 
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is determined primarily by job opportunities 
across various occupations as well as 
occupation-specific characteristics. The 
third cat^ory of worker affecting supply 
is immigrants whose behavior Is aff^ted 
By labor market conditions and immi- 
gration laws, 

^ The feature of the DFF^odel that 
resulted in its selection f^r this study is 
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Degree ^ 




graduates 




attatnment / 





^^^^ graduates attatnment ; ^ 




\ 



t^iat the model can estimate supply response 
elicited by changing job opportunities. This 
"r^ponse is especially critical in the face 
of raaid, short-term growth in requirements 
such ^that anticipated under thf defense 
buildup. For example, an increasejn job 
opportunities within inoccupation would 
induce itK)re students to major in the related 
field and to seek jobi in the occupation 
upon graduatioa Moreovery it would entice 
more experienced personnel to remain in, 
or transfer ijntOy these jobs from other 
occupations and might permit immigrants 
with this occupatiotlal skill to enter the 
country under prefe^iied-worker status. Th^ 
DFF model cjepicts'all aspects of this 
behavior. The market conditions used to 
drive the model were ba^d on the four 
mac roeco no m ic/de f ens e-ex pend it u r e sc e-' 
narios described in the preceding sectionj 
each projection St enar to generated its own 
supply res^nse. 



alternative analyses 
of supply 

Supply response restricted to new en- 
trantsard unm^ants. The most frequently 
used methodology ,to .assess potential 

. market imbalances has been a form of 
analysis at the margin, i.e-. for any given 

^iime period, an assessment as to whether 
the number of new S/E graduates and im- 
migrants is adequate to Fill the job openings 

^ generated by growth in requirements and 
attrition. This type of analysis considera- 
bly understates the flexibility of the S/E 
- labor market by ignoring occupational 
mobility of the experienced wofk force. 

^ Nonetheless, the case can be made that, 
within the highly specialized S/E labor 
market, individuals with Field -specific 
training may be best suited to Fill require- 
ments in anygiven Field.*' 

to 



f)ne set of DFT model simulations repli- 
cated this form of marginal analysis* 
Growth in supply.each year was determined 
by the net effect of labor force entry of 
college graduates and immigrants minus 
tabor force departures result ii>g from deaths 
and retirements. Implicit to 4hese simula- 
tions was the aesumption that transfers 
into and out of S/E occupations by the 
experiens^ed work force were equal These 
simulations provided wdht<^se «^.enarios 
and were used to highliVht those occupa- 
tions mo&t4?rone to supply shortage^- 
f 

Q 



efiiF^ms moie fungible' gi^iry^ ihe employe jinopporlunity to 
train i giv«a job jipptk^nl in * fiumheF of fi^tdt outtide 
ibeir di«cjplifie oi study The occupjtttond] cboic«'subcom- 
pdnenl ibe DFF rnod«L permits tucb field twiltrhjng 
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y r^ponse including mobility. It 
IS unlikely tliat p^^Munnct bliortagcs will 
cfvi W rtflciUd uhfjik'd juK vacancj<?^ 
to till extent antuipa^cd when supply 
adjUsttntnts are rebtritted to new entrants 
and itnmitjrants Labor markets will not 
kikratt. prulongi'd imba]an<.es and wilt 
quuXly begin to make the adjustmontb 
I nt*eded to equilibrate the demand atid 
V^tippK of per^nrK?! Ltnpk>yers <.an adjust 
to S/L' &upplyfimbala'ntes by adjusting their 
hiring rei^uireincnls For ^xample, in cases 
\of labor shortages, employers may use 
' int xptTkJut'd, <.Jt.illege graduates in higher 
than optimal proportions, they may up- 
>;radu tcihniLjans into formerly spe^^ified 
S t Jub openin>;s. or they may employ 
ypU''L>ns ^\iih S/t degrees and jobexperi- 
uut in difftrWit fields from those jn 
demand Tht hitlt^r two types of ad jus t- 
iiRiiis art iritiL^il in dtlcrmining khe ability* 
Aif tht S X labor force to meet short -terjn 
gumlh rc'cjuirt^ments Both Otcupatio^ill 
tran'^fffs into *^ar>d- out of the 5/E w«j(k 
fiircc well as those among 5/E ocijj- 
p.iliLjns ^^AH bt explicitly accounted for by 
thVUt'l-' mcKlel 

Tu assess the full rungeof labor market 
d\'n*inuts, the full supply s^r^tem was 
simulated without constratcu^ to ec^uality 
t!ic flows uf experienced workers jnto and 
out uf ihf S/E jobs Each year, new addi- 
tiuns to iiupply were deprived from the labor 
fuict KVilxy <i{ new *,ollege graduates and 
iminigrantv*- as ^i^t'll as transfers from 
other Occupations 

labor market balance 
in the early eighties 

Btfore reporting f indings about khe 
pr\>jvcttd balance of S/E supply and de- 
mand in l*^d^7, it is useful to provide a 
pojni uf reference o\\ the degree of labor 
iruirktt balMice at the start of the projection 
period At the beginning of the eighties, 
the US economy was we<>kened by per- 
sistent rates t;f high Unemployment and 
inflation Major sectors of the economy 
were showing signs of weakness in'in- 
dusln^^l output and productivity. During 



''Ircipluvhuai rcq^i^rrriionts adjust to ihc Jtv<1ilaL>ihty 

^.kld^L.I .kiJtr-i iriiii<iT<( <>v<rlim^ in dJju^l pruduUiun 
ti\LiiiL|uts 1Ik>^ jJjustR^riitk, r^lremdy JiffiLuIt tit 
^|k>»Lnij^, jnd <irL not d^^^puntta ior b> thi^ mtltiuJitluj^y 
1 lib * j.n lium k(i MHfsjJtreJ ^unJ^fy lu ih^ rrsp^nseyf 



that pvriud, only a few S/E Occupations 
were ^^ major concern to labor market 
an^lyv4s in terms of potential sup^y 
shortage!* Among these occiipations were 
computer fjelds-^buth systems ar^alysis and 
programming— that had undergone rapid, 
unanticipated growth over the seventies 
and t^at promised to continue demanding 
high numbers of tramed personnel Also, 
among those occupations with potential 
supply problems were engineering fields. 
Certain spe(?^altles, such as electntalA. 
electronic, computer, and petroleujn engi- 
neering, wt*re of cone ern because of rapid 
growth in demand. There were other indi- 
cations of problems tn engineering occu- 
pations^ however. As faculty ar>d graduate 
tstudents were being lured from academia 
with the promise of higher salaries within 
'irnJustry and greater research opportunities, 
concern was being expressed that there 
would be inadec^uate numbers of professors 
to train future personnel^^ 

\arious surveys and analyses of labor 
market conditions over this l:ieriud provided 
corroborating evidence about the concerns 
being cited. An analysis over this period 
of labor marked indicators [unemployment 
rates, relative wages, and oc<^upational 
retention rates] corvJucted by BLS. indxi^ated 
that the engineering job market was mod-" 
erately tight. Two N5f employer surveys 
resulted in,similar findifigs. These surveys 
designed to determine labor rTTarket con# * 
dilions for new 5/E graduates, indicated 
that as late as fall of 1951 Industries were 
reportm)^ shortages for contputer scientists 
and systemh analysts, as well as elei^trical/ 
electronic and petroleum engineers. In. 
addition, rough market balance was being 
reported in earth sciences, and^in industrial, 
mechanical, and chemical engineering By 
August. 1953, however, industrial em- 
ployers v^^ere reporting no apparent shbrt-' 
ages, but were anticipatmg a return to 
earlier rapid growth rates m -the employ- 
ment of both .computer and electrical/ 
electronic engineers. A relevant finding 



Ri*[\at 1<K of l-j^uhy iViiiorft Vjtjni^ I iU loaO. Sdettre 

\i.it f^j^CfM' Cott\^iviilwtn\'%% (iVdsJiii^lv^n D C AmrrKdn 

BtjJjtxk, The lub Markel fi>r Liigm^efs, Hctcnl 
C4mJ>lio<K dnJlutut( Prospei-ts, in iitf urii}>Mi c^M WIL 
Qj^ijffMy. bummer I93J 



of llwi*e surveys to be subsee^uently ad- 
dressed iijj^ote detail *s that shortages do 
. not have tu bt manifested in unfilled job 
vacancies Many of thuse employers who 
reporlt\J shortages in the earlier NSF survey 
had. m h^.t. met their hiring goals, but 
were forj^ed to incur the cost*) of increased 
recruitment efforts." 

general labor market 
Gonditions, 1987 ; 

Two ^.(jncepts of labor nrwirl^*et shortage 
are used in this analysis. The first concept 
de^Js with S?ersonnel shortages. These 
* shortages are defied from the worst-case 
supply scenarios that assume all labor 
.market adjustments w^re made through 
hew labor force entrants and immigrants. 
It should bore;;iiembered that this analysis ( 
assunies "that there was no net^contnbu- 
tion to supply reijultmg*from*Acupational 
mobility (jf the experienced work force. 

This uorst-ca^e analysis is based on 
several ^assumptions about the degree of 
imbalance the labor market can sQpport 
before problems are expected to develop. 
The first assumption is that shortfalls 
in projected supply of up to 5 percent 
wjould be tolerated as being sufficiently 
small so that noinintil market adjustments 
cuuld c^asily accomodate them. Occupations 
in which projected supply falls short of 
demand within the 5-pereent*to 10-percent 
range is considered to be rff some con- 
cern with respect to theabihty of the market* 
to adMist by providing either adee^uate 
numbers c>f personnel and/or personnel 
of suitable training and experience. Market 
conditions in sut h occupations are judged%^ 
to mtrit observation Finally, if projected 
supply falls short of demand m an occu- 
pation by m^Jre than 10 percent, and if this 
shortfall is expected to be sustained, a 
serious shortage situation is indicated/ 

Despite the* forced inflexibility of labor 
supply in tliest scenarios, the overall supply 
of 5/E personnel is more than adequate 
to meel bolh growth in requirements and 
the replacement needs resulting from deaths 
and retirements (appendix tables B-9 to 
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B;1Z). All science occupations show sub- 
stantial personnel surpluses inl9B7. Er^i- 
neering. occupations are m^ch closer to 
being in balance, however, although some 

, specialties are projected to have shortages 
of personnel. Shortages are indicated for 
both aeronautical/astronautical and elec- 
trtcal/^lectronic engineering occupations. 
Amor^ the remaining specialties, industri^ 
and mechanical engineering appear to be 
in rough balance, all oVhe^ngiheering 
'fields are {projected to haVe personnel 
surpluses. According to these scenarios, 
the largest shortage of personnel is in 
computer specialty fields (table9). 

The second concept of personnel short- 
age, quality of the work fore«. is /used 
to analyze results from the full supply 
system model that includes market-sensitive 
occupational mobility. With occupational 
'mobility taken into account, no S/E occu* 
pation ts characterized by market imbalance 
under thecriterifi setearlier (appendix tables 
B-17 to B^20), The adjustments within the 

^S/B^dbor market that are needed to meet 
growing requirements, however, suggest 
a problem seldom considered explicitly in 
studies of demand/supply balance. That 
f^oblem is whether la^ge market adjust- 
ments can be sustained while julty meeting 
the requirements for specialized per- 

^ sonnehin terms of quality. As stated in 
the report prepared by Drs, Kobert Dauf- 
fenBach and Jack Fiorito, matket^ensttive 
mobility, '\ . , necessitates an adjustment^ 
in how we think about shortages and 
SurplAses/'^ U is important to realize that 
economic efficiency and labor market 
performar)s.e are not nece&sarily maximized 
when sdpply and demand are in balance. 
Such maximization is only achiev||| when 
requirements are filled with experienced 
and appropriately framed personnel unless 
these criteria are met, th^e general quality 
of the work force will be diminished. Use 
of inappropriately trained workers is, in 
itself^ a manifestation of labor market 
shortage. 

Over a relatively <hort period of time, 
^S/E labor marker adjustments are achieved 
primarily through occupational mobility 
and, to a lesser extent, through the increased 
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mctudes both computer systems analysts and P'o^ 
gr^mmers 

^supply of DQfw eijlfants and immigrantsls considered 
tnsvUic^nl lo meet growth m roquifdmefits tt supply 
estimates fall stiorl ol projected r^uirernents by more 
lhan 5 p^rcenl 

NOTES A denotes rtndlr>gs based on the STAG/ 
LOW scenario: a denotes those based on OPTIM/ 
HIGH. STAG/LOW Indicates low^economfcgrowih/low. 
defsnse expenditure scenefio. OPTIM/HIGN indicates 
htgh-economJc growth/hlgh -defense expenditure 
scenario. 

SOURCE Mailonat Science Foundation 



of S/E college graduates and immi- . 
grant&'Tfie DFF model provides valuable 
instgkt into the magnitude and, hence, 
feasibjlity of projected adjustmeixts that 
mufij^e made within the S/E labor market 
to meet both growth and replacement needs. 



projected shortage 
fields, 1987 . 

Aeronautical/astfionautical engineers. 
Employment iruthis engineering specialty 
' was projected to increase at an average 
annual rate ranging from 5 9 percent to 
11.1 percent between 1982 and 1987. 
Growth in this,occupation is expected to 
outpace additions to supply from new 
entrants^and immigrantSx indicating a 
shortage &ituatjor^^gardIe&s of the levels 
of defense and non^fense demand being^^ 
bim^lated. While available supply of per- 
sonnel in this occupation appeared |o 
exceed demand in 1982. by 1987 shortages 
are projected to range from 15 percent in 
STAG/LOW to 45 percent in OPTIM/ 
HlGHx suggesting the need for ati addi- 
tional 10,000 to 35,000 personnel (chart 10). 

The high cdncentration of aeronautical/ 
astronautical engineers in relatively few 
industries would suggest that personnel 
shortages coulc! lead to sajary escalationx 
production delays^ or other employer- 
oriented demand adjustments, within-in- 
dustry competition could also arise between 
commercial and defense production. Em- 
ployment in this occupation is highly 
sensitive. to cyclical swings in industrial^ 
performance, Th^F^fore, cancellation of 
major air systems or sustained Repression ' 
in the dernand for commercial aircraft could 
rapidly alleviate a shortage situation. 

Occupational mobility within the ex- 
perienced work force can also be expected' 
to alleviate potential personnel shorta^s 
when inadequate itumbefs oE new labor 
force entrants and immigrants are available 
to meet both growth and replacement heeds. 
When mobility ^'& taken into account, 
potential shortages decline dramatically. 
For the STAG/LOW and 0PT1M/,HIGH 
scenariost the shortage of aeron^iitical/ 
astronautical engineers in 1987 ranges from 
2,*J percent 1(^4.2 pers^ent of supply and 
represents only 2,000 to 4,500 personnel. 
In that year projected supply growth uoder 
the STAG/LOW scenario is comprised of 
roiighly 9,000 experienced workers entering, 
from other occupations, 2,000 new entrants, 
and 100 immigrants; the comparable figures 
for the OPTIM/HIGH scenario are 13,000, 
2,000, and 200, respectively (appendix^ 
tables B'13 to B-16), 

The number of workers entering aero- 
nautical/ astronautical engineering from 
other occupations grows coittinuallyx)ver 
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, tt) Jj!bpeTcent of supj^ly by lyof^ 
lljTSuch sustamed f^jjgl>rate^df m-iTV)^iItty 

. could not bematritamed^withoUt^ffecb'rig 
fhfi qualily^laf this worjc fo^c^^s greater 
numbet^^ ir^pprbpn^tdy trained 
net are asked to performfHtsefpib function^ 
/ In-mpbile-workers 6an be^^pected to ' 
com^ from Wh other S/^occupat!ons anS, , 

'tb":a {esser extent, (^roixT non-S/E fields. In, 
tfe c^se of the^former/ workers can be 

^ considered some^at jrtter changeable , 
because of 'Oi^mmon, tVaini^g tn tjaS^ 

' principles. Noriethekss, some^time will be 
required to gain FelevaDt experience tn the 
new field. As an example, at Wright- 
Patterson Air Ffcrce Basf milit^^persoriner 

- who-vver^tritined'in physics/ mechaiiSbal ^ 
engineering, and electricarengineefing are' 
retrained as aeronautical engineers to help 
^alleviatp problems in recrjuiti^^nd retell- 
tionin this specialty. T^jgse programs^^f 
15 months,*^ months^ and 9 mot^s, 
respecjtivtly, and* even after sucK fr Jfcg 
is complied, funqtionAl level in the new, 
field IS considered tote entry level ThuS, 
l?xtehsive formal or on-the-job retriitting 
t<l meet rapid em]?loy;nent growth can 
result in subs^litial costs and^roduction 

^delays while still prod^cihg workers 
withjnsufficient work experience "in.tbe 
newii^ld,*' , , 

. In-mobile workers can also be drawn* 
from'oion-S/E fields during periodspf ex- ^ 
tradrdinarily high demand anfl include, (or * 
example, technologists andpther noa-S/E 
graduates. This b^liavior wa% evidenced 
in the erigineenng market during the fifti^* 
and early sixties when defense arid space 
prograihs generated a rapid gxdV^hjri 
demand for engineerTr\g skills, Durir\g this 
periods it VVas estimate'd that nohdeg^eed 

^ personT|el constituted as much ^ 25 percent^ . 
of emnoyed engineers'* Excessive reliance * 



"Bjsed on firdings frop Dfep^rtmrnt of Aeron^uti^iml 
A$lronAUticf< An Forc« Inslilulf of Ttchnotgy. Wrjght- 
P^lterfon Air force Bas* P, ToT\%aAd R.,F^U)ii. "At 
EnginctnoK P^gr^m for Scjerttv Cr*dc^te«/^ Pt<K««ding$ 
Noith Cfnir^l Section, American Society for EnginN-Hn$* 
Etluc^tion (Ddyton. Oh\O.Apn\ZS'25. mi). 

^Bjt«don l^^d^t^ Of lli(y$evvoTkfr« employed jn«fVgi' 
n^tring without i bachftoi'f degict^ two^thirds-if ported 
Kjbtngocif to thfe« y«drsof ^o](fg!e, f^fth report^Tonly 
to U*ye grddu^tfd from hjgh schoo? ^nd one-c^th leportecl 
to U*vt tess lhan high-school trjiniog N«tionil Science ^ 
Fouridattgn, ChatactvttUcf of Men Emph^rdjn Ettgtntrt- 
Johf tit thcjitiited Sr)r» m^SS (Wa»hirigton, p,C, 

1963) ^ < , 
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OR such personnel also exacts costs and is 
an inaJev^uate long-term frulutionto short- 
ages of appropriately trained workers. 

Rapid employment growth in an occu- 
pation can alw> t« expected to exert pressure 
on as^ademK institutions. As^cording to 
supply projections/ the number of new 
aeronautical/astronautical engineering 
graduates entering the labor force between 
1982 and 1987 would increase by l,o 
percent pet year under the STAC/LOW 
^^^.enarlo and as much as 3,6 percent per 
year under OPTIM/HICH. Accelerated 
growth in new labor force entrants over a 
relatively short* 5-year period can be 
achieved in either of two ways. First/ 
students already in the pipeline can be 
ens^ouraged to s^hange majors, potentially 
strainmg the available as^ademic capacity 
to prodiKe such engineers/ or, second/ as 
was evidenced in engineering occupations 
during the tight labor market the late 
seventies and ^^rly eighties, students could 
be enticed to forego advanced degrees so 
as to capitalize on strong job opportunities. 
This latter behavior coula reduce the 
quality of workers with respect to formal 
training. More importantly, however/ it 
could also jeopardize the future supply 
of faculty needed by academia,^ 

Computer specialists. According to NSF 
taxonomy, computer analysts and computer 
programmers are representative of ^science 
and technician occupations, respectively. 
Data needed to estimate the supply model 
however^ could not be disaggregated to 
differentiate between these two specialties/ 
they w^re therefore combined for the 
analysis of labor market balance. Require- 
ments for this combined occupation are 
expected to grow at an Annual rate rang- 
ing from 4.9 percent to 5,8 percent o>fer 
the projection period. Regardless of sce- 
nario, growth in the Supply of" new labor 
force entrants and in^migrants is projected 
to fall behind that of demand,Mhereby^ 
leading to an increasing shortage in the 
years ahead. By 1967 the projected supply 
shortfall rai>ges from 15 percent in STAG/ 
LOW to^o percent in OPTIM/HICH, 
generating the need for an additional 
115,obo to 14Q,QQQ personnel, , 

As with the aeronautical/astronautical 
engineering occupation, computer systems 



"Over loriger pefjods of tinie. itademic jmtittiltom may 
be ttt,^titppe<l to increase enrottments io kvels projected 
the model The model cannot jkccount For institutional con-* 
$trdtm5 of this nalure ^ 



analysis and s^omputer programming re- 
quire large inflows of personnel to meet 
growing demand. Under the STAG/LOW 
and OPTIM/HlCH scenarios, computer 
^^pe^.iatty fields receive a dramatis, infusion 
of workers from other occupations/ re- 
dusking personnel shortages to within a 
range of only 1,6 percent to 1,8 percent 
in 1987, roughly 9/000 to 11/000 workers. 
Labor market dynamics depicted by the 
DFF model show that 1967 increments to 
supply in the STAC/LOW scenario are 
projected to include 59,000 in-mobile 
workers, 13/000 new labor for*:e eptrantS/ 
and over 1,000 immigrants. The stronger 
growth in requirements under the OPTIM/ 
HIGH scenario generates adjustments of 
64/000, 14,000, and 1^200, respectively, 

In-mobility play& an important role in 
computer specialty occupations 'over time 
to meet growth in requirements over the 
projection period. By 1967^. workers enter- 
ing from other occupations would represent 
roughly 11 percent of total supply. Tradi- 
tionally, computer occupations have been 
very flexible in terms of accepting workers 
from other fields. It must be kept in mind, 
however, that business and S/E applications 
in these occupations cannot be differ- 
entiated with existing data, and both differ 
significantly with respect to background 
training. Personnel working on S/E ^ppli: 
cations are generally Expected to have a 
strong foundation in ijfinciples of physical 
sciences/ mathematics/ and engineering 
fields; for more complex applications/ 
graduate degrees are becoming increasingly 
common. Therefore/ if rapid growth occurs 
in S/E-application systems analysts and 
prograimning, continued high transfer rates 
from other occupations may be difficult 
to sustain. This will be especially true as ' 
more advanced applications are introduced 
in areas such as CAD/CAM, information 
technology, telecommunications/ and the 
sophisticated modeling encouraged by the 
development of the supercomputer, 

Electridal/clectronic engineers.' Employ- 
ment of these engineers is expected to 
increase at an average annual rate ranging 
from 3,9 percent to 5,1 percent between 
1962 and 1987. Pirojected increments to 
supply based on new labor force entrants 
and immigrant^ are adequate to balance 
projected employment in this field at low 
levels of defense spending. Under assump- 
tions, of high defense expenditures, how- 
ever, supply may be bately adequate; by 
1987/ a potential shortage of up to 30.000 



personnel should arise if assumptions made 
under the OPTIMHIGH scenario are met 
VVhenoccilpationally mobile workers are 
in<.lufled as a source of supply, however 
the high level of demand for this specialty 
induces a positive net inflow of personnel 
By 1987, labor market balance is indicated 
across all scenarios, with OPTIM/HICH 
^s^enario showing a moderate surplus of 
almost 1/000 workers Additional employ- 
ment requirements generated in the last 
projection year under this scenario elicit a 
supply response of 16,700 in-mobile ex- 
perienced workers, 15,700 new entrants, 
and 1>200 immigrants. While the rate of 
iiVmobility required tQ alleviate potential 
personnel sholrtages are not as Kigh as those 
required for aeronautical/astronautical 
engineers or computer specialists, they do 
rise over time reaching almost'5 percent 
of requirements, 

potentialsupply 
constraints in 
technician 
occupations 

The supply of technicians is difficult to 
measure because formal training cannot 
be used as a means of identifying the 
population available to fill these jobs. For 
these occupations, there is no model of 
supply comparable to that developed for 
the S/E work force. In order to identify 
potential supply constraints, it was assumed 
that growth in requirements, much in excess 
of those attained in the recent past, would 
likely result in labor market adjustment 
problems. Thus, actual employment growth 
rates for 1977-82 were compared to pro- 
jected growth rates in requirements for 
1962-87, 

Three technician occupations— drafters, 
mechanical engineering, and industrial 
engineering— are characterized by an accel- 
erated growth in projected requirements 
(chart 12),^*^ 



Ctirrent Pfipufjdfm Survry (CPS) ivhich wdS u^ed 
to Jrri^^ the actujf 1<>7'' 82 <>rn pin Vmcnt growth rjtescon 

vn^crtng kfhnH.jdn} C^ruwlli utfs arr, ih^efurc. extremely 
vdri^blr jnJ fituuld br intvrprrtett with caution 
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Actual growth, 
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Projected growth, 
OPTrM/HIGh 
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In A\ three cases, tliere were iT^dividual 
yearb within the 1977-82 period when 
growth rate* ab high ab those projes^ted 
were achieved A problem aribes, however, 
from the fact that the projected intreabes 
in requirements for 1982 to 1987 are 
dramatic when taken in the context of the 
sharp recession-induceii reductions in 
employment at the start of the decade. The 
likelihood of future bhortageb, therefore, 
will, be a function of both the ability of 
employers to attract new workers to thebe 
occupations, as well as the increasing 
amount of time needed for training because 
of the growing technological complexity 
of the workplace.^' 

conclusions 

The principal conclusion of this analysis 
IS that strong growth in demand is projected 
to create pfoblemsjii three S/E occupations 
computer speci^ties, which have had a 
relatively tight labor market over the past 
decade, and aeronautical/astronautical and 
electrical/electronic engineering, both of 
which are expected to be seriously affected 



lAUirr K.\\y C AMI will rftJiAe tht-qmi for Jrjftel^ bhouM 

xiun thjt prtiiftTfti C*. Btiiovkv C AD/CAM Thclnju*tf»^l 
Rcv^rlutmn ri\'A Avilm^Sitdor , July iQ&l 



by the level and pattern of the defense 
buildup. Some attention should albo be 
given to thobe tes^hnKian os^s^upationt— 
drafterb. mes^hanaaL and indubtnal engi- 
neering—for whu^h the projected growth 
in requirements b expected to accelerate 
in the years ahead. 

Despite th<i high levels of skill required 
in the^^e fields, labor market adjustments 
are likely to be made, even over a relatively 
bhort 5-ye<ir period, moderating identifiable 
perbonnel shortages that could potentially 
be manifested as job vacancies. The process 
by whkh the labor market equilibrates 
demand and supply, however, can be 
expected to have an impact on the qiialfty 
of the SET work force. The larger the 
required adjustment, the more likely it is 
that employers would be forced to hire 
individuals with inappropriate training 
and/or experience Such quality downgrade 
ing is. Itself, a manifestation of labor market 
imbalance and can impose very real costs 
not only in terms of employer-supplied 
training, but more importantly in .terms 
of productivity and quality losses. These 
effects can significantly hinder national 
programs such as the defense buildup. 
Finally, the costs of current market ad- 
justments can have an impact on future 
S/E tabor supply if the academic sector 
fails to retain graduate students or cur- 
rent faculty. 
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technical notes 



projection models 

defense^interindustry forecasting system (DIPS): 

employment projections 



Tht Dtteribe Interindu!»try Fare^^asung 
System (DIFS), a collaborative modeling 
effort undertaken by Data Resources* 
Incorporated IDRl] and the Department 
of Defense (DOD), was used to generate 
the employment projections presented in 
this analysis,^ Built around the DRl macro- 
economic forecasting model the DIF Sys- 
. rem can estimate total occupational re- 
quirements under varying assumptions 
about the operations of the full economy. 
In addition, the system's defense interface 
permits the integration of detailed defense 
expenditure information making possible 
an analysis of the expected impact of 
alternative defense budgets on key indus- 
tries> skilled labor, and raw material cate- 
gories. The general stru(;ture of the system 
is depicted in chart A-1; a description of 
basic mcKiel components follows. 



*The DlF System ts mattklJincd ^ni nutk«t«d by DRl, 
IhrOflkpof (be Afsistdtkl Secnury Defcns«r Departmenl 
of DeFcnsr, m^mUins'iB own version undn ihc Mvne of 
lh« Dd«n5er ETOnomK \inp*Qt Modeling Sylvm |D£!MS). 
For moie complete do<umenulion David L Btond, 
Zhht\5t EccrUHiuc Impact Mo^idirt^ 5f»tem" (Washington, 
D C D^partm^l of^Dcfcn^ July 1902^ 4md Dita R«ouf^, 
In^orporjtted. Scl^teJ Examples fiom DRI's Dfifnse 
Economy Service" (Washington, D.C.l9&:j, 
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defense translator 
and interface 

The defense translator provides for the 
translation of defense plannif)g into a 
fr<)rrtework consistent with the U.S. Macro- 
'economic and 'Interindustry Forecasting 
Models. The interface starts with DOD's 
five-year defense plan (FYDP) which is 
presented in terms of total obligation 
authority (TOA). a constant-dollar measure 
of the cost to complete anticipated pro- 
curements. The Impact of the FYDP on 
the economy* however* occurs only when 
actual contracts and expenditures are made. 
A TOA-to-Outlay Translatfon Model is 
therefore needed to convert the planning 
budget as defined for 50 budget accounts 
into outlays per year * These, in turn, are 
combined with expenditures authorized in 
earlier years Once total defense expendi- 
tures by budget category are obtained, a 
Defense Industrial Share Matrix is used 
to translate expenditures into final demand 
by commodity This share matrix, devel- 
oped by DODh represents the unique 
pattern of defense final demand by 4-di^t 
Standard Industrial Classification {SIC) 
groups. J 

Once firial demand is allocated by SIC_^ 
group> the Defense Interface is used to 
ensure that changes in industrial com- 
position generated by the defense budget 
are accounted for in the macroeconomic 
mode]. To do this^ a preliminary pass of 
the macroeconomic model is made with ' 
the specified pattern of defense final 
demand m order to adjust those model 
factors that define national industrial 
production, 

macroeconomic 
model 

The DIF System is built around DRI's 
Quarterly Model of the U,S, Economy* 
ocie of the major> large-scale econometric 
models used for forecasting and policy 
evaluation,^ Fifty exogenous variables are 
available for use in defining various eco- 
nomic ^enarios. These variables fall into 



six categories. Fiscal policy, monetary 
policy, energy, agricultural prices, foreign 
economic activity, and demographic trends 
The 1,200 equations of the model define 
the behavior of major components of gross 
national product (GNP), Federal, State, 
and local Government sectors; international 
trade; wages and prices; employment; 
* financial markets; and industrial pro- 
duction,* Within this model the impact 
of the levels and patterns of defense and 
nondefense activities on industrial pro- 
duction are estimated. 

interindustry'model 

The interindustry model iaMfctynamic 
input/output (I/O) model thatletermines 
direct and indirect industrial production 
in both defense and nondefense sectors of 
the economy. The I/O coefficients used 
at the time of this analysis were based on 
the 1972 400-commodity, benchmark tables 
published by the Bureau of Economic 
Analysis of the Department of Commerce , 
These coefficients were updated to 1978 
using an econometric technique that modi- 
fies production coefficients to account for 
the influence of both long-run economic 
trends and business cycles. For subse- 
quent yeaps, coefficients were forecast to 
reflect shifts in industrial structure (hat 
occur in response to changes in prices 
{determined in the PHce Forecasting Model) 
and technology, 

total employment 
model 

Production as determined in the I/O 
model/ is translated into estimates of total 
industry e|Tj|>loyment through a series of 
production equations that relate levels of 
industrial output to labor input and a trend 
variable that serves as a proxy for both 
changes in productivity. aiKLgrowth in 
capital stock. These equations imply a 
desired employment level corresponding 
to given levels of output. Actual employ- 
ment is then derived using a partial ad- 
justment mechanism that accounts for 
delays in moving to desired employment 



n"h« 50 (IeffO*e lMidg<il cat*^ri« i^W undet five Jiujor 
dC<ount h«dding& milit^fy pcnonncl, operations ^ndnuin- 

ev^lujtiqfi, ^niTmiUtity contituctioriH 

'Orto ^ck»(eifi, Tht DfiuMoiitt of the U.S. E^ottomy 
(NfwYork McCuw.H(lHSook Co^ppdny. 1953), 

1^ 



^The Qudftedy Model is updated bt«nnxi«lly The modtl 
ver»i<7n ufed in thi&dnJily$]& thaHnopetdtK^OdSof July 
I992h this version inc<7(porate<l the nu^or ch^ng«s in t^^^ 
potiry initbttd by the Rejg^n Admini$if»l]on and pAised 
by the S«natt m rhe tujnm^r of 1982. 



levels until output changes are recognized 
as permanent. 

occupatlonar 
employn^ent by 
industry 

Total industry employment is distributed 
across occupations based on staffing pat- 
terns derived from the Occupational Em- 
ployment Statistics (OES) matrix developed 
by the Office of Eco nomic Orowth and 
Employment Projections of the Bureau of 
Labor Statistics (BIS).* At the request of 
the National Science Foundation (NSF).. 
BLS provided DRI with two matrices for 
this analysis; One depicts actual data for 
1976, the other presents projected 1990 
staffing patterns^ that reflect anticipatedt^^ 
changes in industrial occupational require- 
ments expected to result from changes in 
technology and product mix. Linear inter- 
polations of these matrix coefficients were 
used to determine industrial staffing needs 
in interim years. Staffing patterns fpr 84 
^ggi'^g^ted industries were used iti this 
analysis. A listing of these industries is 
presented in table A-I. 

0 

*The OEb nutnx *^ tKe bdSis of employment pro>^tton« 
deriv«<t by BLS A {fe5cnp(JGn oi the d«t3r m wtW 6^ 8LS 
employment rr<7]e<:tu)ns an be found m Mottthiy Ut^^r 
R#wteur, Vol 10*. No Ij. Nt>v*mber 



Table A-1. Major industrial groupings 
used for analysis 



Industry 


Related Cen$us'SiC 




codes. i972edftion - 


Agricultural forestry^ 




and fj$h«ri«$ 




Livestock, and 




livestock products 


part 01, part 02 


Other agricultural 




products 


part 01^ part 02 


Forestry and frstiery 




products . . ..^ 


001-4. 091,097 


Agriculture, lorestry. 




and Mshery 




services 


0254.07|excludlng . 




074). 065. 092 


Mining 




Iron and ferroalloy 




oresnrtining 


101.106 


Nonferrous nrtetat 




oresnrtining 


102-5. part 106. 109 


Coalnrtfning 


1111. part1112* 1211. 




part 1212 


Crude petroleunrt and 






131. 132. part 136 


Sione andctay n^itning 




and quarrying 


141-5, part 146. 149 


31 





i 



Table A-1 . Major Industrial groupings 
used for analysis — Continued 



Industry . 



Ctiemlcaf and fartifner 
mineral mining. . , . 
Conslructlon 
New construction . , , . 



Maintenance and, 
repair construction 
Poo<t an<t kindred 

products 

Tobacco ma^'uUlctur4,«^, 
Toxtilea an<t apparel 
FabriCp yarn, and 

thread mills 

Miscellaneous taxlOe 
goods dnd floor 

coverings 

Apparel — I 

Miscellaneous fabri- 
cated textile 

products 

Lumber products 
t- umber and wood 
products, e'xcept 

containers 

Wood containers — 
Household furniture . 
Ottier lurniture and 

fixtures 

Paper and allied 
pro<tuc1s 
Paper and aftied 
products, except 

contaifwrs 

Pa per board 

containers 

Printing and Publi^Eng 

Chemicala and aMfed 
products 
Chemicals and 
selected chemical 

' products . 

* PJasttcs and synthetic 

materials 

Orugs. cleaning, and 
* tojiet preparations 
Paints and allied 

product? 

Petroleum reltning and 

related industries 

Rubber and miScet* 
laneous ptafttic 

products < 

Leather products 
Leather tanning and 

liniShing 

Footwear and olher 
leather product? .. 
Stone, clay, an<| glass 
producis 
Glass and glass 

products^ 

'Stone and clay 
products 



Related Census-StC 
codes, 1972 edition 



147 

part tS-17. part lOS. 
part 1112. part 1212, 
part 148 

part 15-17, part 138 
20 

■J 

221-4, 226,228 



227, 229 
225 



2:^9 



241-3.2448, 249 

2441,2449 

251 

252^.259 



261-4.266 

2^5 
27 



281.286-7. 289 

282 

283-4 

285 

29 

30 

311 

3f3-7. 319 

321-3 1 
324-9 



^^dustry 


wiE ; 

Related Census-SIC 
codes, 1972 edition 


T 

Primary metats « 




Primary iron and steel 




manulacturing — 


331-2, 339, 8462 


Primary nonferrous 




'metals 




^''TffTmnitacJyTing — 
Pabrica1e<t nne!aT( 


333-6^3463 


Ordnance and 




accessories 


3462-4, 3469, 3761. 




3795 


Metal containers , .,. 


341 ^ 


Heating, plumbing. 




and structural metal 




products 


343-4 


Screw mactiine 


- 


products and 




stampings 


845.3465-6. 8469 


Ottier iabricated metal 




products 


842, 847, 349 


Machinery, except 




electrical 




En pines and turbines 


351 


Farm and garden 




machinery 


352 


Construction and 




mining machinery 


3531-3 


Materials handling. 




machinery, and 




equipment 


3534-7 


Metal working 




machinery and 




equipment 


354 


Special industry 




' machinery and^ 




equipment 


355 


Generar industrial 




machinery and 




equipment . ..- 


356 


Office, computing, and 




accounting 




machines 


357 


Service industry 




machines 


356 


Miscellaneous 




machinery 


359 


Electrical machinery 




Electrical transmission 




and distribution 




equipment and 




industrial 




apparatus 


36t-2. 3825 


Household 




appliances 


363 


JElectric wiring and 




wirmg equipment 


364 


Radio, TV, and 




communication 


- 


equipment 


365-6 


Electronic components 




and accessofles .. 


367 


Miscellaneous elec- 




trical machinery. 




equipment, end 




Supplies 


369 


Transj>ortatlon 




equipment 




Motor vehicles and 





inaqp'nr 


neiaiea Lrensus-oiv 




coaes, \sfd eatnon 


equipment 


371 


Aircraftand parts .... 


372 


Other transportation 




equipment 


373-5, 3792, 3799, 




2451 


Precision instruments # 




Prolessbnal. saentilic. 




and controlling 




instruments and 






381. 3622-4. 3629. 




364. 367, 


Optical, ophthalmic. 




and photographic 




equipment and 
supplies 




363. 365-6 


MIScellaneouft 




manufacturing 


39 


Transportation, 




communication and 




utilities 




Transportation and 




warehousing 


40-2, 44-7 


Communications. 




except radio 




and TV 


481-2, 469 


Radio and TV 




broadcasting 


483 


Electric, gas, water h 




and sanitary 




services 


49 


Wholesale andretail 




andtrade 


50*7. 59. 7396, 8042 


Finance, insurance. 




an<t real estate 




Finance and 




Insurance 


60-4, 67 


Reat estate and rental . 


65-6, part 1531 


Other services 




Hotels and lodging. 




. personal and repair 




services 

Eatinp and' drinkinp 


70*2. 762-4^part 7699 


places 


56 


Aulomobile repair 




and services 


75 


Amusements 


76*9 


Business services .\ . 


73 [excluding 73961, 




7692. 7694. part 7699. 


Health, educational. 




social servtees, and 




no np rolit organ izatio ns 


74.60 (exctudinp 




6042}, 82-4, 86. 6922 


Government 




Federal Government 




enterprises 


Not applicabte 


State and local 




government 




enterprises 




Government industry 




Other 




N on com parable 




imports 


Not applicable 


Scrap, used, and 




second-hand goods 




Rest of Ihe world 




industry 




Household industry 





EMC 
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dauffenbach/fiorito/folk (DFF) model: stQck-f low 
model of science and engineering labor supply 



The DauffenBach/Fiorito/Folk model is 
Ihe.tnost comprehensive model of S/E labor 
supply available. The supply system of 
S/E personnel depicted by the model con- 
sists of four major distinct-but-related 
components including: (1) the existing 
stock of S/E personnel; (2) flows of new 
entrants to S/E occufiations; (3j flows of ^ 
experienced workers into, amongy and out 
of S/E occupations; and, (4) international 
flows of S/E workers (chart A-2)..The 
niodel attemptsJo capture, to the extent 
permitted by data availability and com- 
patiblity. the complex behavioral rela- 
tionships that generate the flows of per- 
sonnel into and out of this labor market. 

The model provides estitmtes of the 
supply of S/E personnel in 21 detailed 



occupations (lable A^2j. Supply in each 
year is determined by the previous year's 
stock adjusted for the three major flows 
detailed above* Each of these flows is related 
to projected labor market conditions in 
ihe various occupations under the assump- 
tion that supply responds to changes in 
demand. For this stucjyy projected market 
conditions were based on the four macro- 
economic/d^fense-expenditure scenarios 
generated by DRI's DIPS. Thus, four sets 
of supply estimates were generated— one 
for each demand scenario. 

The remainder of this section closely 
follows the structure of the model and is 
designed, in party to provide an appreciation 
of the complexity of modeling the S/E 
supply syslem. The description of each 



model componeni highlights those factors 
which determine supply behavior.^ 




*A iWough discussioit of ibfr ^heofy underlying llif moddL 
as weilA^ tl(eslintationc«nb« found in tvvoTtporlf. Robert 
C, DauFf^Bach ^nd |«k^«OFilo. Projections 0/ Supply of 
Saentisti attd EttgMeer* to Meet De/ettje and N<JMrfe/ettse 
Reqwrem^ntft t9$U&7, ^fSF Contact No SRS-B21054S 
(SliHwater. OVU.- CoHege ol Bu(me» Admin »trjition. 
OkUhortid S*^le Univtrtiiy. Apn! ar^d Rob«l C 
DauFfenBdch. |^ck Fionlo, and Hugh Fotk. A Study ci 
Prc}tcttJ Supply/Demaad Itnbitlaitctt for Sch**tff^c a»d 
Tichttical ^rscnneL NSF ContracI No. SRS-7**0591 
JbtiJlw^er, Okla. CoUe^e of BiiSines^ A4m«ni»i4tion, 
Okhht>jn^St^teVntvemy,l9SQ] 
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Table Occupational taxonomy used in the 
DauffenBacK/Fiorito/Folk supply model 



r 



Occupation 



1 AeronautjcaJ/astronauticat/ 
engineers 

2. CViemicat engineers 

3. Civil «ngi;ieers 

4. Elect nc^r/ electronic engineers . . . 

3t Jndustrtai engrneers 

6. Mechanica||pngineers 

7. Metatiurgical/materiats engineers 
Mining/petrdeumengineers 

9 Other engineers 



10 Computer speciaiists 



11. Mathematicatspeciabsts 



12. AgrJcuiturai scientists 

13, Biotogical scientists 



14, Ctiemists - 

15. Hart 1^ scientists . 



16. Physlcist^/astrononfterd 

17 Other lileand physical scientists . 



18, Economists 

|g. Psychologists 

20. Sociologists 

21. Sociatsdentists. n.e.c. 



1970 Census 
3- dig It occupational 
catefionies 



006 

OlO 

Oil 
012 

013 

014 

015 

020 (mining} 

021 (petroreum) 

022 (sales) 

023 (n.e.c.) 



003 (programmer} 

004 (systems an aty St) 

005 (n.e.a) 



034 (actuary) 

035 (mathematician) 

036 (statistician) 
042 

044 



045 

051 (geologist) 

052 (marine) 

053 ^ > 



043 (atmosphere/ space) 
054 (n.ex.) 



093 
094 

096 (n.e.c.) 

092 (poUtlcar) 

045 (urban/regional) 



Occupation at Emptoyment 
Statistics (OES) matrix 
categories 



10020200 (aeronautical/ 
astronauticat) 

10020400 (chemicatl 
10020402 (ceramic) 

10020600 (civit) 

1 002 0800 (e tectr ical /electron ic j 

10022004 (nuctear) 

10021000 (industrial) 
10021002 (sa(ety)_ 

10021200 (mechanical) 
10021202 (marine) 

lOO^fco (metal! 

1OO2I6OO (mining) 
10021800 (petroteum) 

10(^2000 (other) 
10022003 (traffic) 

10022005 (agricutture) 
10022001 (engineer) 
1X22099 (other) 

10060201 (busine$spfogrammeri 

1 00602 02 ( sc ien I if ic programmer ) 

10060401 (business systems 
analyst) 

10060402 (scientific systems 
anatyst) 

10060200 (actuary) 
10060400 (1&3) (mathematical 
science) 

10060Q00 

10040200 

1004(^00 (life) 
l00406Gfl (biotogfcai) 
10040602 (medJcat) 

10040600 ^ 

10041000 (geotogist) 
10041201 (ocean) 

10041400 (physicist) 
10041402 (astronomer! 

10040400 (meteorological) 
10041601 (&5) (natural/ 
mathematical) 
1Q0416Q2 (physical) 

10041603 (other physlcatl 

10041604 (&6)(llfe) 
1004160CL (other life and physical) 

10180201 (financiatanalysl) 
10180200 (&2) (economist) 

10180204 (media analyst) 

10180205 (market research 
analyst) 

10160600 
10180800 

10181200 (n.e.c.) 
10180401 (poUticat science) 
10181X0 (urban /region at) 

10181201 (social science) 



ERiC 
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new entrant 
component 

New entrants to the S/E labor market 
are those individuals who terminate their 
education and enter the work force for 
the first time to pursue full-time. S/E 
employment. For most of the ^evant 
occupations, hew entrants are the major 
source of labor supply available ta^rieet 
growth requirements and replacement 
needs. Five model subcomponents depict, 
the chain of behavior that culminates in 
an increment to S/E supply from this 
source: (1) degree attainment. (2) curricu- 
lum choice. (3) participation of foreign 
nationals in tJ.S. higher education. (4) labor 
force entry, and (5) occupational choice. % 



(1) Degree attainment. Assuming 
that decisions regarding college degrees 
are Independent of curriculum choice, 
the initial step in estimating th^ num* 
ber of new entrants involves project- 
ing U.S. degree conferrals (baccalau- 
reate through doctorate] over the 
simulation period. The six sex/decree 
projection equations are estimated 
using 1951-80 data from the National 
Center for Education Statistics (NCES) 
and relate degree attainment rates 
10 demographic trends and income 
factors. 



(2) Curriculum determination* The 
next subcomponent projects the num- 
ber of S/E awarded degrees at each 
degree level. Availability of ;ob oppor- 
tunities in various S/E occupations is 
assumed to be an important deter- 
minant of the ultimate choice in cur- 
riculum, with relative changes in 
occupational demand inducing students 
to switch majors. Degree conferral data 
were obtained from NCES for the 
1968-81 period. Three projection 
equatlonSr by degree level, were esti- 
matedr relating the proportion of 
degrees conferred in each of 22 cur- 
riculums (o movements in the share 
of professional and technical jobs in 
the most cldsely aligned S/E occupa- 
tion. The functional form chosen 
allows for response differences by' 
Ciiracutum. sirKe the scope of potential 
job opportunities varies by major. 
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(3) ForeignnatioRalsinU.S.h^er 
education. In recenr years, there has 
been rapid growth of foreign natiorial 
participation in technical ctlrriculums, 
particularly at the graduate level This 
bub«.bmponent subtracts foreign na- 
tionals from degree recipients by cur- 
riculums under the assumption that 
these students return to their home- 
land J^iie^ro portion of foreign na- 
tional S/E degree recipients was based 
on 1978-79 NCES data and detailed 
enrollment data provided bv NSF. 

(4) Labor forceentry.Asubstantiai 
number of degree recipients pursue 
nonmarket activities, includirxg grad- 
uate school This subcomponent filters 
from available supply all graduates 
who do rtot enter the full-time labor 
force. Labor force entry rates are pri- 
marily determined by ^degree and field 
of major and remain fairly stable over 
time. The mo<Jel projects future labor 
force participation based on the be- 
havior of 1972-79 graduating classes 
as derived from NSF Surveys of Recent 
Science and Engineering Graduates 
Degree conferrals at the bachelor's- 
and master's-degre€ levels are adjusted 
downward/ across curriculums, to re- 
flect varying labor market entry be- 
havior all doctoral candidates are 
assumed to enter the work force. 

(5) Occupational choice. This sub- 
component allocates labor force par- 
ticipants from various majors to occu- 
pations. For each major, the probability 
of entering a given occupation is 
modeled a^ a function of: (a) labor 
market conditions in the destination 
occupation, [b] the similarity of college 
coursework across various majors 
and occupations,, and (c) qualitative 
attributes which affect propensities 
of graduates in broad fields of study 
(engineering, computer sciences and 
mathematics, life and physical sciences, 
dnd iOLial Sciences) to enter the occu- 
p<ition nominally associated with 
their major. Projection equations for 
bachelor^' and master's^ degree re- 
cipients are based on 1976-79 NSF 
Surveys of Recent Scierwreand Engi- 
neering Graduates. Doctorates are 
assumed to enter that occupation most 
close,ly associated with their field 
of study. 



experienced worker 
component 

Experienced workers play an important 
role in determining the ability of supply 
tp adjust to short-rijn changes in demand. 
Two model subcomponents describe the 
major types of experienced worker be- 
havior-occupational imbility and attrition 
To date, mobility patterns of experienced 
workers have seldom been incorporated 
into supply projections because of the 
lack of theoretical research and the scarcity 
of data. 

(1) Occupational mobility- This 
model subcomponent estimates nei 
changes in S/E occupational supply 
which result from movements of work- 
ers fnto and out of S/E occupations 
and between the S/E occupations 
themselves/ Mobility rates are esti- 
rr^ated across 25 professional and 
technical, as well as managerial occu- 
pations, 13 major S/E categories were 
among the^e* Mobility rates are 
modeled as a funcflon of: (a) the 
proportion of indiviluals remaining 
in an occupation frml^he previous 
time period (a prox^Tor labor market 
demand), (b) the proportion of em- 
ployment represented by new entrants, 
(c) occupational characteristics (percent 
of women and the average educational 
level in a given occAipation) believed 
to determine the share of supply gen- 
erated by reentrants to the work 
force/ and (d) qualitative variables 
measuring behavioral differences 
across occupations. 



. r ■ 

e^tirhdied whtcK p^r^lleb tKcedflier modeling effort Under 
this tr[ietj^ftdh4jn. 4>UMnobiijry r^tes f^o^ rc^p^nsive 
lihot rrurket ct^rutitionsr but were inskdd d^lcFmined by 
Lhc vduCdtMin. jnd $ex cKdNC ten sties of venous occu- 
pAUons The aet-mobility sp«ciftcJitton w*^ Cqtisijered 
pr^l?rdt>lf b4\duse c^ii r^trs From ^ otLUp^tiuti are believed tu 
b>edep^ndetil on (Kiupationdtopporlunuies thFOXif$hout the 
irtho' forte ^th the tjross- jnd nei mobiKty spetificitions 
jie tept)rte<i Ami Atii\ytt^d in Rot^eM C DauffenBdch *Tid 
Jatk honto* PrQlrt^Uoiti of Suppij^ of 5tieHli*(& ftnd En^i- 
nefrs to Meet Dtfen^e and Nondefen^e Requirement^, 

*Small *^mples sirts in &/E occupations precluded greater 
d^sag^re^tion in these fields 



Two versions of thi^ subcomponent 
were estimated. The gross mobility 
version estimated rates of inmobility 
to an occupation in the manner de- 
scribed in the precedirxg paragraph. 
In the net mobility version* net (inflow 
minus outflow) mobility rates were 
stmiliarly estimated. The difference 
between the two model versions rest^ 
in the handling of occupational out-^ 
mobility. The gross mobility version 
assumes out-mobility rates from an 
occupation are dependent solely on age^ 
education, and sex, the net/nobility 
version assumes these rates are 
sensitive to^relaUve demand/supply 
conditions. . 

The mobility subcomponent uses 
two databases: The Current Popifta- 
tion Survey (CPS) conducted in Jan- 
uary 1973, 1978. and 1981, and NSF 
Surveys of Experienced Scientists 
and Engineers corducted during the 
seventies. 

[2j Attrition* The availablesupply 
of S/E personnel is reduced by deaths 
and retirements. Projected attrition 
through deaths is based on constant, 
sex-specific death rates which were 
reported by the BLS for the general 
population in 1970. Projected attrition 
through retirements of S/E personnel 
IS modeled as a function of age and 
educational level of that population 
over 50 years of age; 1972-78 data 
from NSF Surveys of Experienced 
Scientists and Engineers were used for 
estimation 



immigration 
component 

Immigrant scientists and engineers afe 
an important source of S/E labor supply. 
This ^romponent provide! projections of 
the number of immigrants by S/E occu- 
pation. The estimation equation is based 
on 1962-79 data and relates the number 
of S/E immigrants in a specific occu- 
pation to variables reflecting: (1) job 
opportunities in the occupation of em- 
ployment. (2) changes ifl immigratk)n laws, 
and (3) differences in occupation-specific 
immigration behavior. 
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Teble B-1. Summary table of U.S. economy: 1982-87— STAG/LOW 



Macroeconomlc mdlcators 



1962 



1983 



1964 



1965 



198$, 



1967 



Gross r^atlonal product [GNP) 
[inbiilionsl 



GNP 


$3,064.9 


$3,302.6 


$3,596.8 


$3,947.5 


$4.3034 


$4,662.6 


RealONP,1972doirar3 


1,465.5 


1,499.2 


1,517.8 


1.546.3 


1,57ai 


1T611.1 


Annual rate of change 




' .9 


1.2 


1.9 


2.1 








Defense expend! lures 












llnbllUons) 








$176.1 


$201.6 


$226.7 


$253.4 


$280.3 


$306.0 


Real purchases, 1972 doirars«. 


76.2 


61.7 


64.1 


86.7 


69.3 


91.9 


Annual rataof change 


5.6 


4.5 


3.0 


3,0 


30 - 


3.0 


Prime contracts 


127.6 


139.1 


'156.9 


175.1 


192.1 


209,5 


Pnrd dAflAtnr annual ratA 




/ 










of Change 


9.2 


6.5 


9.0 


6.6 


7.4 


6.7 


• 


Prices^ wages, productivity— 


annual rates of chan9& 


— ^ 








[Percent] 






GNP deflator^ 


6.5 


6,6 


7.6 


7.7 


6.8 


6,1 


Consumer pnce index 


6.2 


7.2 


7.6 


7,6 


"*7.1 


6,3 


Compensation per hour 


7.2 


7.4 


8,2 


9.2 


6.6 


6.0 




-.4 


1.3 


.5 


2.0 


.7 


.9 








LatK>r force 












[In millions) 








2.1 


2.2 


2.2 


2.1 


2.1 




Civillanlaborforce 


iia2 


112.4 


114.4 


115.9 


117.5 


119.1 


Hmproymeni 


100.0 


102.0 . 


103.5 


103.6 


104.2 


105.2 




9.2 


9.3 


9.6 


ia6 


11.3 


11.7 




Industrial production 


Industrial production Jndex 














(1967-1.0) ". 


1.399 


1.420 


1.446 


1.493 ^ 


1.530 


1.561 


Annual rate of Change 


-7.3 


1.5 


1.9 




2.4 


2,1 


Manufacluring Industries: 














Production, annual rale 














of change 


-7.6 


1.7 


1.9 


3.5 


2.7 


2.3 


Capacityutilizationrate ... 


71.3 


72.0 


72.0 


71.2 


72 5 


734 



NOTES. STAO/LOW Indicates low-economtc growth ^low-defense expenditure scenario Projection scenarios were 
derived using the Defense I nIerindusUy Forecasting Syslem developed by Data Resources. Incorporated (DPI) 

SOURCE: National Science Foundallon 
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Table .Summary table of U.S. economy: 1982-87— STAG/HIGH 



maCrQaconuflilc inuicaiurv 




1983 


1964 


1985 




Id AT 






Gross national product [GNP} 
(In billions] 






GNP 


$3*066.3 


$3*325.9 


$3*655.2 


$4*40ai 


$4,429.4 


$4*822.5 


riafii V3 ■ 1 0 f £ u vi^Qi 4 +■■ + + + 


1*486.1 


1*508.6 


1*539.5 


1*575.1 


1.914.0 






-1.6 


1.5 


2.0 


2.3 










Defense expenditures 












ttnbiiffonsl * 






Purchases 


$179.4 




$216.2 ' 


$256.1 


$30a7 


^ $349.5 


$389.9 


Real purchases, 1 972 dollars . 


78.8 




87.4 


95.0 


ioa6 


111.0 


116.1 


Annual rate of charvQ 6 


6.6 


k 


11 p 


8.6 


9.1 


7.1 


4.6 


^0£ime contracts 


128.2 




145.9 


174.9 


203.6 


23E3n- 


259.8 


Price deflator, annual rate 
















ofchange / 


9.2 


8.5 


S.I ; 


8.7 


7.5 


6.7 



PriceSi wages, productivity^annuai rates of change 
[ Percent 1 



GNP deflator 


6.5 


■ - 6.8 


7.7 


8.1 


6.9 


^6.2 


Consumer price index 




7.3 


7.9 


8.4 


6.9 


/ 6.3 


Compensation per hour 




7.5 


8.4 


9.3 


9.0 


f 8.3 


Output per hour 




1.4 


.6 


1.6 


1.3 





Labor force 
[InmllllonsI 



J f^iljtary personnel .. 
GMan labor force .. 

^)ployment 

linem ploy qnent rate . 



2.1 


2.2 


Z2 


2.2 


2.3 


2.3 


110.2 


112.4 


114.4 


115.9V 
104.4 * 


117.5 


119.1 


100.0 


102.2 


104.0 


105.3 


106.5 


9.2 


9.1 


■ 9.1 


d.9 


10.4 


10.6 



Industrial production 



Industrial production index v 




! 










(1967^1.0) .> 


1J399 


1.4^2 


1.478 


1.539 


1.579 


1.620 


Annuatrateof change 


-7.3 


2.4 


3.2 


4.1 


2.6 


2.6 


M anuf actur 1 ng J n d ustries : 














-Productton* annualVate 
















-7.8 


2.8 


3.4 : 


4.3 


3.0 


2.8 


Capacityuinizatlonrate ... 


71.3 


72.7 


73.7 


73.3 


74.8 


76.2 



NOTES: STAO/HtOH Indicates low-economic growth/ high-defense expenditure scenario. 'Projection scenarios were 
derlveduaPngIhe Defense inief I ndusify Forecasting System develops ^ Data Resources. Ino^ (DRII 

SOURCE- Matlonol Scfsiice Foundation *. * . 
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Table B*3. Summary table of U.S. economy: 1902-87— OPTIM/LOW 



Macroeconomtc Indicators 


-1982 


19&3 


19d4 


1985 


1988 


1987 




i 


1 Oroeanatfonal product (Qnp) 








1 




(Inbllllonsl 






gnp 


$3,072.7 


$3,379.8 


$3,710.4 


$4,0d5.1 


$4,466.1 


$4,365.9 


ReaftSNP, 197!2cfoirar8 


1,490,5 


1,552.9 ' 


1,619.9 


1,681.8 


1*724.8 


1,769.3 




-1.3 


4.2 


4.3 


3.8 


2.8 


2.6 






^ Defense expenditures 












(Inbmionsj 






Purchases 




$199.7 


$220.2 


$243.8 


$269.0 


$295.9 


Real purchadssi 1972 doHars . 


78.9 


' 81.7 


84.1 


88w7 


89.3 


91.9 




6.7 


3.8 


3.0 


3.0 


3.0 




Prime contracts 


- 128.8 


133.3 


155.8 


189.5 


165.1 


201.9 


Prico dallator, annual rate 














of change 


9.1 


7.4 


7.1 


7.5 


7.1 


8.8 




Prices, wages, productivity— 


annua] rates of ^ange 










( Percent 1 








8.4 


5.8 


5.2 


8.1 


8.8 




Consumer price Index 


8.1 


5.3" 


5.0 


6.8 


8.9 


8.5 


Compensatlonperhour 


7.0 


8.0 


8.4 


8.1 


8.3 


8.1 




-.2 


3.4 


2.5 


.0 ' 


1.8 


1.4 








Labor force 












[InmlUEonS) 








2.1 


2.2 


2.2 


2.1 


2.1 


2.1 




110.1 


112.4 


114.7 


116.4 


118.1 


119.7 


Employmem 


100.1 


103.2 


108w5 


108w1 


109.8 


111.1 


Unemptoyment rate 


9.2 


8.2 ' 


7.1 


7.1 


7.1 


7.2 




Industrial production 


Industrial product J9n Index 














(1987 = 1^1' 


1.407 


1.517 


1.632 


1.718 


1.787 


1.815, 


Annual rate of change 


'618 


7.9 


7.8 


5.2 


3.0 


2.7 


Manufacturing industries: 














Production^ annual raie 














of change X 


*7.2 


8.8 


8.1 


5w5 


3.2 


3.0* 


Capacity utitlzatton rate 


71.5 


78;3 


79.4 


79.0 


79.2 


79f1 



NOTES. 0PT1M/L0W ipdtcatos hlgtveconOftiic growth/tow-dftfdrifi« eotpendlture scenario. Projection scenarios were 
derived using the Defettse Interindustry Forocaating Sysien) developed by Data Resources, tnoorporatod (ORi|. 

SOUf^CE: t4atlonel Scierfce FouncfsUcn 
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Table B^. Summary table of U.S. economy: 1982.87— OPTIM/HIGH 



^ Macroeconomlc Indicators 


1962 


1983 


19B4 


I- 1 

1965 


19S6 


196^ 


Ci 

1 


Gross national product (GNP) "v/"''^^'''^ 
(In billion^) 


gnp 

R6afGNP.1d72dolJar§ 

Annual rateol change 


$3,071.6 
1.469.9 
*1.4 


$3.4B2!!^ 
/ 1.561.9 

^ 4.6 


$3.7^3 
1.6416 
5.1 


$4,167.6 
1.722.2 
4.9 


$4,635.3 
1.777.4 
3.2 


$5,116.1 
1.635.2 
3.3 



Defense expenditures 
(In billions] 





$179.3 


$213.9 


$24B.9 


$291 ;9 


$335.3 


$376.1 / 


Real purchases, 1972 dollars . 


76.6 


67.4 


95.0 


103.6. 


111.0 


1.16.1 




. 6.6 


11.0 


6.6 


9.1 


7.1 


" 4.6 


Prime contracts 


126.2 


144.9 


171.2 


196.6 


224.4 


250.9 


Price deflator, annual rate 
















9.1 


' 7.5 


7.1 


7.5 


7.3 


7.2 



Prices, wages, productivity— annual rafe of chan^ . 





• 




(Percent) 






GNP deflator 

Consumer price index 

CompensatJon per hour 

Output per hour i.. 


6.4 
6.0 
7.0 

*.2 


5.6 
6.4 
6.1 
3.5 


5.4 
5.1 
6.6 


5.4 
3.6 

•. n 


7.6 
10.4 
6.6 
^ 2.0 


6.9 
■ 7.2 
9.0 
^ 16 








Labor force 
[In millions) 






Military personnel 

Civlhan labor force 

Employment 

Unemproymentrate 


2.1 
t10.2 
100.0 

9.2 


2.2 
112.4 
103.4 

6.1 


2.2 

ii4.r 

107.0 
6.7*^ 


^ 2.2 

n6.4 

* 109.1 
6.3 


2.3 
116.2 
111.0 

6.1 


2.3 
119.6 
112.7 

5.9 






Industrial production 






Industrial production index 
(1967=1.0) 

Manufacturing Industries; 
Production, annual rate 

exchange 

CapacityutilLzatlOnrate ... 


1.405 
-6.9 

*7.3 
. 71.4 


1.530 
6.9 

77S> 


1.666 
■ 9.0 

9.7 
61.2 


1.790 
7.3 

\2.2 


^ 1.6^1 
^ 4.1 ' 

."■ ^ 

63.3 


1.934 
3.7 

\ 4.T) 
63.6 



,I:^TE$^ 0PT1M/H1GH ChcfiCate^higlv^cononnicgrowth/hlgh.defenseexpemtiture^cenarlo. Protection sc^nariu were 
derived uaing Ihe Defense IntWindustry Forecasling Sy^em dev8kq>ed by Data Resources lnoorponrte<f (DRIJ. " 

SOURC& National Science f^oundaiton. ^ 
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Tabte B*5. Projected growth ii^defenee and nondefenee requirements of scientists, 
* engipeere, and technician8:4d82-87— STAG/LOW 

il A thousands] 



Occupation 



Total reqlkir 6 merits 



1962 



1987 



Annuaf 
growth 
rate 



Oofens^c^quirements \ 



1982 



1967 



Anhua^ 
gmwth 
■ rate 



Nondol^nse requiremenis 



.1982 



1987 



Annual 
growth 
rato 



Total sclentf si $ ^ — 

Computer systems analysts , 
Ufe: 

Agricultural 

Biologists ■ 

Physical: 
Chemists ,x 



Geologists,,. , 

Physicists : 

Ure/pOysical. n.e,c 

Matlxamaticat !j 

Social\ ;> — 

Economists , 

Psychologists — 

* Sociologists 

Social, n,e,c 



Total engineers 



Aeronautlcal/astronaUtfcal 

Chemical 

Civil ^ 

Electrical /etectrontc > 

Industrial ,,,, 

^Mechianical - - ^rigt^^^sjt??^," 

Metallurgical ^ J7^:\ 

fining /petroleum , , , J ; , 

Engineers* n,e,c " \ , 



Total technfcfan^ , , 



Com Puterprog rammer's 4^:^*"^^^ 

Di^ftSrs ^ , :^rr^. 

Bectrical/electronlcengineerinig ,^4'^,, 

Industrial engineering .'^f 

Mechanical engineering , 

Sclence/englneeringi A,e.Cv 



726,6 



843,2 



3,0% 



21,9 



29,4 



- 6,1% 



704,7 



613,5 



219,1 

t7,2 
S5,3 

90,7 
42,7 
20,9 
27,6 
51,0 
202,1 



287,3 

17,3 
59,4 

97,7 
47,9 
22,4 
29.5' 
56,9 
224.6 



5,6 

.1 
1.4 

4,5 
2,3 
1,4 
1,3 
2.2 
2,2 



10,0 
,1 

2,8 
1,1 
1,1 
,7 
2,4 
3,0 



15,3 

,1 
,6 

3,4 
1,3 
1,3 
,9 
2,6 
3.5 



8,9 

,0 
2,7 

4.0 
3.4 
3,4 
5,1 
3,1 
3,1 



209,1 

17,0 
54,7 

Atil 
193 
26,8 
46.6 
199,1 



^1,9 

17,2 
58 7 

94.3 
46.6 
21,0 
28.6 
54,0 
221,2 



30:3 

90,4. 
9,3 
72,1 



34,6 
100.5 
10,1 
79,4 



2,8 
2,1 
1,7 
1,9 



,8 
1,0 

,1 
1.1 



1,0 
1,0 

,1 

1,4 



4.6 
,0 
,0 

4,9 



29,5 
89,4, 
9,2 
71.0 



33,7 
99,4 
10,0 
78.1 



1.138,8 



1,296.4 



2,6 



136.6 



187,0 



6,1 



1,000.0 



1,109,3 



64.2 
53.1 
16^,4 
327,1 
109,2 
202,0 
14,6 
27,6 
177,4 



85,5 
57,4 
174,7 
396<3 
120,3 
223,9 
16,3 
31,7 
190,3 



5.9 
1.6 
1,3 
3,9 
2,0 
2,1 
1,9 
2,6 
1,4 



33,5 
2,6 
3,4 

41,2 
9,7 

18.^ 
1.4 
.9 

27,2' 



1.466,5 



1.64: 



50.4 
3.1 
4,0 
56,1 
12,4 
24,6^ 
1,9 
1,1 
^33,4 



8,5 
3.€ 
3,3 
6,4 
5,0 
5,4 
6,3 
4,1 



30,7 
50.6 

f60,0 

285,9 
99,5 

153,1 
13.3 
26.7 

150,2 



35,1 
54,3 
170.7 
340.2 
107.9 
199,3 
14,4 
30,6 
15$,6 



Z4 



83,6 



ioa5 



5>0 



1.382,0 



1,542.2 



235,0 
312,0 
345,3 
30,5 
44,7 
49a0 



290,3 
336,5 
399,9 
33,4 
50.5 
536,3' 



4,3 
1:6 
3,0 
1,6 
2,5 
1,5 



$,6 

28.6 
2.3 
8.3 

17,7 



12,9 
20,7 
37,8 
2,8 
10,7 
21,6 



6,1" 

3,9 

5,7 

4,0 

6,2 

4,1 



225,4 
294,9 
iai6.7 
28.2 
3&4 
480,4 



277,3 
317,6 
362,0 
30,6 
39,8 
514,7 



2.9% 



5,4 

h2 
1.4 

1.4 

2.2 
1,2- 
1,3 
2,1 



2,7 
2,1 
1.7 
1,9 



2A 



2,7 
1,4 
1,3 
3,5 
1,6 
1,7 
1,6 
2,6 
,9 



2,2 



4,2 
1,5 
2,7 
1,6 
1.8 
1,4 



mDTES. STAG/LOW tndlcat«s loty^jpconomic growih/htgh-defensd eotpenditure scenario^ 
no\ add (o totals. - ' - 

SOURCE: Nattonat Science Foundatioi^ 



eecaus^^of rounding, components may 
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Table B^. Projected growth in defense and nondefense requirements of sdentlsts» 
engineers, and technicians: 1982*87-^T AG/HIGH 

[In thousands) 



Occupation 



I 



Total requirements 


Defense requirements 


NOnd el ens e^ 'eq ui rem ents 






nnnuoi 






Annual 






A nnual 






growth 






growth 






growttf 


1982 


, .1967 


rate 


1962 


1967 


rate 


1962 


1967 


rate 


t £.Vw9 








• 


A A 






3.2^ 


219,3 


294.7 


6.1 


10.0 


17.6 


12.0 


209.1 


277.0 


5.6 




17.i- 


.3 


.1 


.1 


.0 


17.0 


17.4 


.5 


55.3 


60.4 


1.6 ' 


.7 


,6 


2.7 


54.7 


59.5 


1.7 


90.7 


99.6 


1.9 


2.9 


3.7 


■5.0 


67.9 


95.9 


1.6 


42,7 


46 0 


2.4 


1.1 


1 3 


3 A 


41 7 


•to. 3 




20.9 


23.4 


2.3 


1.1 


1.6 


7.9 


19.6 


21.6 


1<9 


27.6 


30.4 


2.0 


.7 


1.0 


, 7.4 


26(9 


29.4 


1.6 


51.0 


56.7 


2.6 


2.4 


' 3.3 


6.6 


46^6 


55.4 


2.6 


202.2 


229.2 


2.5 


3.0 


3.6 


4.6 


199.2 


225.3 


2.5 


30.3 


35.3 


3.1 


.6 


1.2 


BA 


29.5 


34*1 


2.9 


90.4 


101.7 




1.0 


1.0 


.0 


69.4 


100.6 


2.4 


9.3 


10.3 


2.1 


.1 


A 


.0 


9.2 


10.2 


2.1 




61.9 


2.6 


1.1 


1.5 


6.4 


71.1 


60.4 


2,5 




1 .0 / O.^ 






223.6 


9.3 


1.001.0 


1 , 149. / 


2.0 


64.5 


107.2 


10.7 


33.7 




64.6 


14.0 


30.6 


42.4 


6.6 


1 


SA_? 

? vw r 








3.4 








i A 


163.5 


179.1 


1.6 


3.4 




4.3 


4.6 


160.1 


174.9 


1.6 


327.6 


415.2 


4,6 


41.3 




63.7 


9.0 


266.2 


351.4 


4.2 


. 109.3 


123.0 


27 


9.7 




14.5 


6.4 


99.6 


110.5 


2.1 


202.2 


233.4 


2.9 


16.9 




2a6 


6.6 


163.2 


204.6^ 


2.2 


14.6 


17.1 


2.9 


1.4 




2.2 


9.5 


13.4 


14.9 


2.1 


, ?7.6 


31.6 ' 


2.9 


.9 




1.1 


4.0 


26.7 


30.7 


2,6 


177.7 


205.7 


3.0 


27.3 




40.6 


6.4 


150.4 


164.9 


1.6 


1,466.4 


1,694.2 


2.9 


63.9 


120.4 


7.5 


1,362.5 


1.573.9 


2.6 


235.1 


294.4 


4.6 


9.6 


14.2 


6.1 


225.5 


260.2 


4.4 


312.2 


347.5" 


2.2 


17.2 


22.6 


5.6 


295.0 


324.6 


1.9 


^^345.5 


410.2 


3.5 


2a7 


42.7 


a3 


316.6 


367^6 


3.0 


30.5 


34.6 


2.6 


2.3 


3.2 


6,6 


26.2 


31.4 




44.6 


54.6 


4.0 


6.4 


13.0 


9.1 


36.4 


41.6 




496.3 


552.9 


2.1 


17.7 


24.7 


6.9 


460.6 







Total scientists , 



Computer systems analysts . 
Life: 

Agricultural 

Biologists 

Physical: 

Chemists 

' Geologists , 

Physicists 

life/ physical, n.e.c 

Mathematloat 

Social 



Economists .*JP 
Psycf^iogi^ . 

Socloiogists 

Social, n.ac. .. 



'Total engineers^ . 



Aerona utJoal /astro nautical 

Chemical 

pjvil 

Emctricai/electronic 

inciustrial 

Mechdnicai 

Metallurgical ; 

Mining/ petroleum 

Engineers, n.e.c 



Tot^l technicians. 



Computer programmers , 

Orafters , 

Eiedrical/eiectronlc engineering , 

Inclusirial engineering , 

Mechanical engineering ..... .t . , 

Science/engineeringin.e.c , 



NOTES. STAG/HIGH lftdlc«tes Jow-economic growth/hlglvddrens^ expenditure scenario. Because of roundlngn c&mj>onents may 
not add to lotais. 

NBttonai Science Foundation 



/ 



.V 
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Table 6*7, Pro|ected growth In defense and'nondefense requirements of scientists, 
;englnears» and tacfinlclans: 198^87-OPTlM/LOW 

11 n thousands) 



Occupation 
- Total5cl6nt[sts 

Computer systems anatysta 

Life; 

Agricultural 

8iologlst3 

Physical: 

Chemists 

Geologists \ 

Physicists 

Lff^/physicaf, n.ex 

Mathematical 

Social 

Economists 

Psychologists 

Sociologists ; 

Social, n.e.c 

Total engineers 

Aeronauticai/astronautJcal 

Chemical 

Civil 

Efectrical/eiectronic 

Industrral 

Mechanical 

Metal] urgicai 

Minlng/petroteum 

Engineers, n.e.c 

Totai technicians 

Computer programmers 

Drefters ^ 

Electrical/electron lo«ngineei1ng . . / 

Industiialenglneering 

M echan leal engineer] n g 

Science/engineering, n.ex ? 



Total requirements 



1982 



1987 



Annual 
growth 
rate 



Defense requirements 



1962 



1967 



Annual 
growth 
rate 



Nondefense requirements 



1982 



1987 



Annual 
growth 
rate 



727,3 



865.6 



33% 



22^ 



30.3 



6.8% 



705,5 



835:5 



219.3 

17,2 
55,3 

90,9 
42,8 
20,9 
27,6 
51,0 
202,3 



294,7 

18,1 
61,4 

100,3 
47,3 
23,1 
30,3 
58,1 

232,3 



6,1 

1^ 
2,1 

2.0 
2,0 
2,0 
1,9 
2,8 
2J& 



10,0 

,1 
,7 

2,9 
1,1 
1,1 
,7 
2,4 
^,0 



15,6 

,2 

,6^ 

3,§ 
1,2 
1,4 
,9 
3,0 

a7 



9,3 

14,9 
2,7 

3,8 
1,8 
4,9 
5,1 
4,6 
4,3 



209^ 

17,1 

$4j6 

88.1 
41,7 
19,9 
26.9 
48,6 
199,3 



279,0 

18,0 
60T 

96,6 
46,1 
21,8 
29,4 
55,1 
226.6 



30JJ 
90,5 
9,3 
72,2 



35,5 
105,0 
103 
81,3 



3,2 
3,0 
2,4 
2,4 



,8 
1^ 

,1 
1,1 



1,1 
1,1 
,1 
1,4 



6,6 
1,9 
,0 
4,9 



293 
893 
9,2 
71,1 



34,4 
103.9 
10,4 
79,9 



1,142,0 



1.337,0 



3,2 



139,2 



1903 



8,5 



IjOQZB 



1,148,6 



84,5 
53,2 
163,7 
327,8 
1093 
202.7 
14,9 
27,7 
178,0 



' 88,0 
59,2 
163,8 
399*6 
124,6 
235,7 
17,4 
31^ 
197,5 



SA 
22 
2,3 
4,0 
2,6 
3,1 
3,2 
2,4 
2,1 



33,6 
2,6 
34 

41,3 
9,7 

16,9 
13 
,9 

27,3 



51,3 
3,2 
4,2 
56,1 
12.8 
25,6, 
2,0 
1,1 
34,2 



8.8 
4,2 
4,3 
6,3 
5,7 
6,2 
5,9 
4,1 
4,6 



30,8 
50,7 

160.3 

266,5 
, 09,8 

103,7 
13.4 
26,7 

150,7 



36,7 
56,0 
179,6 
343,5 
111,8 
210,2 
15,4 
30,1 
163,3 



1,468,3 



1,703.0 



3,0 



83,9 



1093 



5,5 



1,364,4 



1393,7 



235,2 
312,9 
^345,6 
30,6 
44,9 
'499,1 



294,a 
355,8 
408,1 
34,9 
518 
556,6 



4,6 

2,6 

3,4. 

2,7 

3,2 

2,2 



9,8 
17,2 
26.7 

2.3 

17,7 



13,2 
21,6 
36,1 
3,0 
11,2 
22.4 



6,6 
4,7 
5,8 
5,4 
5,9 
4,8 



225.6 
295,7 
318^ 
28.3 
363 
461,4 



281,7 
334,2 
370,0 
32,0 
41,4 
■534,4 



NOTES, OpTIM/LOW Indioaios hlgh^economlc growtti/low-defefue «xp»ndltura scenario. e«caiit« of rounding, comPCfi«fits may 
not add to totals, 

SOURCE: National Scionc^Foundaiton 




3,4% 



5,9 

1,0 
2,1 

1,9 
2,0 
1,8 
1,8 
2,5 
2,8 



3,1 
3,0 
23 
2,4 



2,7 



3,6 
2,0 
2,3 
3,7 
2.3 
2,7 
2.8 
2.4 
1,6 



2,8 



4,5 
2,5 
3,1 
2,5 
2,6 
2,1 




Table B-8. Projected growth in defense and nondefense requirements of scientists, . 
engineers, and teclinlcians: 1982-87— OPTll)1/HiGH 

(In thousands} 



1 


Total 


reqtJIremenls 


Defense requlremenis 


1 

Nondefense re quire me iHs 








Annual 






Annuel 




' J V 


Annual 


- 






growth 






growth 




/ \ 


growth 


Occupation 


1982 


1987 


rate 


1982 


1987 


rate 


1982 


/ 1987 


rale 


Total scientists 


727,4 


888.0 


4.1% 


22.0 


34.2 


9^% 


705.5 


* - 

854^ 


3.9% 




219.3 


303.3 


0.7 


10.0 


17.9 


12.3 


209.2 


, 

265.5 


6.4 


life: 






















17.2 


18.4 


1.4 


.1 


.2 


14.9 




18.2 


1.2 . 




55.4 


62.5 


2.4 


.7 


.8 


2.7 


54.7 


61.7 


2:4 ' 








'-jr 
At 
















OA Q 


102.6 


2.5 


2.9 


3.8 


5.5 


88.0 


99.0 


2.4 






47.9 


2.3 


1.1 


1.3 


3.4 


41.7 


46.6 


2.2 




20.9 


24.2 


3.0 


1.1 


1.6 


7.9 


19*9 


22,6 


2 ft 




27.6 


31.3 


2.5 


^7 


1.1 


9.5 


26.9 


30.3 


2.4 


MaihOmatrcal ^ , 


Ql fi 
31 






0 A 
£.4 




7 A 


^A 7 
40./ 


37.2 


4.4 


Sccral 


202.3 






4.U 


^ A 
4.U 




IQQ ^ 

1??.4 


04*4 1 

Md.l 


4.£ 




303 


36.2 


3.6 


.6 


1.3 


10.2 


29.5. 


35.0 


3:5 


P4 vr hnbvii 4tfi 




106.2 


3.2 


1.0 


1.1 


1^ 


89.5 


105.1 


3.3 


ft A^tntjvi i 4f1 4 


Q 3 


10.7 


2.6 


.1 


.1 


.0 


9.2 


10.6 


2.9' 


Cax^IaI n d ^ 




■83.9 


3.0 


1.1 


1.5 


6.4 


71.1 


62.4 


3.0 




1.142.1 


1.423.1 


4.5 


139.5 


226.4 


102 


1.002.2 


1.196.8 


3.6 


























































Aeronaulfcai/astronautlcal 


64.5 


109.2 


'11.1 


33.7 


65.2 


14.1 


30,9. 


44.0 


7.3 


Chemical 


53.2. 


60.9 


2.7 


2.6 


3.5 


6.1 


50.7 


57.5 


2.5 


CivH 


163.7 


188.9 


2.9 


3.4 


4.4 


5.3 


160.3 


164.5 


2.8 




327.9 


420.6 


5.1 


41.4 


63.6 


9j0 


286.5 


357.0 


4.5 




109.5 


13a8 


3.6 


9.7 


14.9 


9.0 


99^ 


115.9 


3.0 




202.7 


248.2 


4.1 


19.0 


29.9 


9.5 


163.7 


218.3 


3.5 


Metallurgical 


14.9 


18.5 


4.4 


1.5 


2.4 


9.9 


13.4 


16.2 


3.9 


Minlng/petroJeum 


27.7 


31.6 


2.7 


.9 


1.1 


4.1 


26.7 


30.4 


2.6 




i7ao 


£14.4 


4 A 


£/ .4 


A< A 

4l>4 


A 7 


1 QA 7 

.1 3U./ 


17^ A 


0 A 




1 dfiA 3 


1,760.4 


3.7 


83.9 


123.5 


ao 


1^.4 


1,636.9 


.3.4 


Compuierpfcgramnners 


235.2 


300.5 


5.0 


9.6 


14.4 


8.4 


225.6 


286.0 


4.8 


Draft6r$ 


312^ 


368.5 


3.3 


1-2 , 


23.7 


6.6 


295.6 


344.8 


3.1 


Bectrtcal/eiectronfc engineering 


345.6 


421.0 


4.0 


26.7 


42.9 


6.4 


317.0 


378.1 


3.6 


Industrial 


30.6 


36.6 


3.6 


2.3 


ZA 


ai 


28.3 


33.2 


3.2 




44.9 


57.3 


5.0 


6.4 


13.6 


* 10.1 


36.5 


43.7 


3.7 


Science/engineering, n.ex 


499.1 


576.5 


2.9 


17.7 


25.5 


7.6 


481.4 


551.1 


2.7 



NOTES 0PTIM/HK3H indicates htJh-oconomic growth/h*flh-detense expendlhira «enarlo. B«^use o' rounding, components may 
not add to lotats. 

SOURCE Nation^ Science FouAdatlOA 
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Table B*9. Supply/demand balance of scientists and engineers based on new 
entrants and Immigrants supply model; 1981 and 1987— STAG/LOW 



(In thousands) 





1961 


1967 






Supply 


components 








innlu 

ouppiy 


components 










\J bVU \ja ItUf 1 


Total 


Hew 


Attri- 


tmmi^ 


De' 


Bal- 


Bal- 


Total 


New 


Attri- 


immi- 


De' 


Dal^ 


' Bal- 




supply 


en-. 


tion 


gra- 


mand 


ance 


ance as 


supply 


en- 


tion 


gra- 


mand 


anca 


ance as 






trants 




tlon 




surplus 


percent 




trants 




■ tion 




surplus 


percent 


■ 












(+)/ 


Of 












(+)/ 


of 


\ 




c 








short' 


supply 


r 










shorlr 


supply 














age(') 










— ^ 


ageM 




1 OIS) 
































573.0 


85.0 


9.6 


2.3 


506.3 


64.7 


11.3 


1.040.0 


■91.5 


30.1 


3.0 


555.9 


484.1 


46.5 


Agricukurai 


25,0 


5.3 


.4 


.2 


17.6 


7 A 


29.6 


52.6 


4.6 


IjO 


.2 


17.3 


35.5 


67.2 


'Biologists 


71 1 


19.0 


1.0 


.2 


55.4 


15.7 


22.1 


176.0 


19.6 


3.2 


,3 


59.4 


1 16.6 


66.3 


Chemists 


96.6 


6.0 




a 

.V 


93.7 


4.9 


5.0 


126.9 






1.0 


97 7 


31.2 


24.2 


Geologists 


43.2 


4.1 


.6 


.1 


40.6 


2.6 


6.0 


66,1 


4.6 


1.2 


.2 


47.& 


16.2 


27.5 


Mathematical 


56.9 


5.6 


1.0* 


.1 


51.6 


5.1 


9.0 


64.9 


5.6 


3.6 


.2 


56.9 


26.0 


5^.0 


PhusirKts 


if O.I 




.4 


.2 






0.0 


00.7 


3.0 


.7 


n 


£.£.A 


I6.0 


An i 

42 1 


Other lire and 






























physicaf 


26.6 J 


r 1.9 


JS 


.1 


26.2 


.4 


1.4 


37.3 


" 2.0 


^ .7 


.1 


29.5 


7.6 


20.9 


Social 


226.5/ 


40.1 


0.0 




199.9 


26.6 


11.7 


455.3 


AC 1 
40 1 




.6 


224.6 


230.5 


50.6 


Economists . . 




7.1 


.9 


.3 


0U.2 


19L4 


39.1 


9 0.0 


6.1 


1.7 


.0 


34.6 




62.7 


Psyctiofogists 


93,5 


12.5 


1.6 


.2 


66.3 






162.9 


14.5 


3.0 


.3 


100.5 


62.4 


36.3 


Sociologists . 


11.9 


5.6 


.1 


.0 


9.2 


2.7 


22.7 


50.9 


7.2 


.9 


.0 


10.1 


40.6 


60.2 


Social n.ex. . 


71.5 


14.9 


'1.2 


.1 


72.2 


.,7 


*,1 


146.2 


15.3 


' 2.7 


.2 


79.4 


66.6 


46.4 


lOtai 






























engineers . 


1.223.7 


^.5 




id 0 
V.£ 


1.155.6 


66.1 


5.6 


1.494.6 






6.6 


1.296.4 


198.4 


13.3 


Aeronautical/ 






























astfonautfcai 


66.6 




1.4 


.1 


63.2 


v5.4 


7.9 


72.6 


2.1 


1.4 


.2 


65.5 


-12.7 


-17.4 


Chemical 


60^ 




1.1 


.5 


55.1 




6.9 


67.7 


5.3 


1.7 


.5 


57.4 


30.3 


34.6 


Civil ........... 


173.0 
/■^"^ 


XlO.2 


3.3 


.7 


165.5 


7.5 


216.2 

L 


10.0 


4.2 


* .8 


174.7 


41.5 


19.2 


Electrical/ 












electronic ... 


334.6 


13.6 


6.5 


.9 


324.4 


10.2 


. 3.0 


'387.2 


1.3 


- 7.6 


1.2 


396.3 


'9.1 


'2.4 


Industrial 


117.a 


4.0 


2.3 


.2 


113.3 


4.5 


3.6 


129.3 


4.0 


2j6 


.3 


120.3 


9.0 


7.0 


Machanicai . . . . 


220.9 


11.4 


4.2 


.9 


206.5 


12^4 


5.6 


) 267.3 


11.4 


5.2 


1.0 


'223.9 


434 


16.2 


Metallurgical . . . 


16.6 


1.4 


.3 


.1 


15.6 


1.0 


6.0 


23.1 


1.3 


■A 


.1 


16.3 


6.6 


29.4 


Mir^fngy 






























petroleum 


25.6 


2.0 


.5 


.1 


,.26.1 


-.5 


>2.0 


355 


2.21 


r .7 


.1 


31.7 


4.2 


11.7 


Engineers^ 






























n.ex 


206.1 


13.4 


3.9 


2.7 


163.9 


22.2 


10.6 


275.3 


13.2 


5^ 


2.6 


190.3 


65.0 


31.0 


Computer 






























specialists' .. 


435.9 


9.9 


B.6 


.6 


442^ 


-6.0 


-1.6 


462.3 


13.6 


9.1 


1.2 


577.6 


-115.3 


-25.0 



'inci both computer systems ajiaiysts andcomPuter programmers. 

NOrES. SrAG/LOW Mcfltes row-economtcgrowth/ipw-d^fenseexpendiiurascenario. Becauseofrounding^coiTiponenls may not cor- 
respond to totals. 

SOUf^CE: National Scleiice Foundatfon 
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Table B-10, Supply/demand balance of scientists and engineers based on new 
entrants and Immigrants supply model; 1981 and 1987--STAG/HIGH 



[tn thousands) 





^ . 1981 


1987 






ouppiy 


components 










components 










Occupfltion 


Total 


Wew 


Attri- 


immi- 


Lie- 


oai* 


Sal* 


Total 


New 


Attri- 


Lmmi- 


ue- 


sai- 


&ai- 




supply 


en- 


tion 


gra- 


mand 


ance 


flnce as 


Supply 


en- 


tion 




mand 


ance 


ance as 






trants 




tion 




Surplus 


peroeni 




trants 




Mion 




surplus 


percent 














t+K 


vT 






- 




- 




of 














stion- 


Supply 












snorj- 


-SupF^ly 














ageH 














' AAA / i 

age.H 






























- 






573.0 


85.0 


^.8 


2.3 


508.3 


64.7 


11.3 


1,042.5 


92.7 


19.2 


3.0 


567.4 


475:1 


46.0 


Agricultural — 


25.0 


5.3 


,4 


.2 


17.6 


7.4 


29.6 


52.9 


4.9 


1.0 


.2 


17.5 


35.4 




Biologists 


71.1 


19.0 


1.0 


.2 


55.4 


15.7 


22.1 


176.3 


19.8 


3,2 


.3 


' 60.4 


115:9 


-r 65.7 


Chemists 


9S.6 


6.0 


1.9 


.9 


93.7 


,4.9 


5.0 


129.1 


6.4 


2.5 


1.0 


993 


29.5 


'22.8 


Geoiogists 


4a2 


4.1 


.8 


.1 


40.6 


' 2.6 


6.0 


66.2 


4.9 


i.i 


.2 


. 4^2 


18^0 


27.2 


Malhemalical 


56.9 


5.8 


1.0 


.1 


51.6 


5.1 


9.0 


85.1 


5"9 


1.6 


.2 


58.7 


26.4 


31.0 


Phvsicists 


Zo.1 




,4 


.2 


^1.1 


2.V 


a A 

o.O 


49.9 


3.1 


,7 


..2 


23.4 


1 5.4 


33.7 


Oiher JHe and 






























physicai 


28.6 


1.9 


,5 


,1 


. 28.2 


.4 


1.4 


37.3 


2.0 


.7 


.1 


30;4 




^ 18.5 




226.5 


40.1 


3.8 


,6 


199.9 


26.6 


11.7 


456.8 


45.7 


. 8.3 


- -.8 


229.2 


227.6 


/ 49.8 


Economists* ■ 


49.6 


7.1 


.9 


.3 


30.2 


19.4 


39.1 


' 93.5 


8.2 


\^ 


' -.3 


:J5:3 


58.2 


} 62.2 


Psychoiogists 


93.-5 


12.5. 


1.6 


.2 


88.3 


5.2 


5.6 


163,2 


14.6 


J.6 


.3 


* fOl.7 


6t9 


^ 37.7 


Sociologists . 


11.9 


5.6 


,1 


.0 


9.2 


2.7 


22.7 


51.0 


7.3 


/.9 


.0 


10.3 


40.7 


79.8 


Sociat, n,e,c. - 


71.5 


14.9 


1.2 


.1 


72.2 


-.7 


-.1 


149.1 


15.6 


j2.7 


.2 


81.9 


6f.2 


45.1 














* 














1 

-\ 






1.223.7 


63.5 




V.£. 


1,155.6 


68.1 


5.6 


1,502.0 


67.4 




6.9 


1.373.2 


i2a.8 


^ 8.6 


Aeronaulical/ 






























a^tronautical 


68.6 


1.9 


1.4 


.1 


63.2 


5.4 


7.9 


73.9 


2.4 


1.4 


.2 


107.2 


.33.3 


. ,-45.1 


Ciiomlcfll ...... 


6a5 


5.6 


1.1 


.5 


55.1 


5.4 


8.9 


87.8 


5.4 


1.7 


.5 


58.7 


29.1 


33.1 


Civil 


173.0 


tO.2 


3.3 


.7 


165.5 


7.5 


4.0 


210.9 


10.1 


4.2 




179.1 


o7.4 


17.3 


Electrical/ ^ 
electronic ... 






























334,6 


13.6 


6.5 


.9 


324.4 


10.2 


3.0 


389.2 


. 15.9 


7.6 




415.2 


-26.6 


-6.7 


Industrial 


117.8 


4.0 


2.3 


.2 


113.3 


4.5 


3.8 


129.6 


4.1 


2.6 


.3 


125.0 


4.6 


• 3.5 




220.9 


11.4 


4.2 


.9 


208.5 


12.4 


5.6 


268.4 


11.8 


5.2 


1.0 


233.4 


35.0 


13.0 


Metallurgical . . . 


16.6 


1.4 


.3 


.1 


15.6 


1.0 


6.0 


23.1 


1.4 


.4 


.1 


17.1 


6.0 


26.0 


Mining/ 






























pelroleum . . . 


25.6 


2.0 


.5 


.9 


26.1 


-.5 


-2.0 


35.9 


2.3 


.7 


.1 


31 8 


4.1 


11.4 


Engineers, 
































206.1 


13.4 


3.9 


2.7 


1d3.9 


22.2 


10.8 


277.6 


14.0 


5.3 


2.6 


205.7 


71,9 


25.9 


Computer 






























specjallsis* 


434,9 


9.9 


8.6 


.8 


442.9 


-ao 


. -1.8 


463.7 


14.0 


9.2 


1.3 


586.9 


-125.2 


-27.0 



'fncludes t>otii computer systems an&ly^ts and computer programmers. 

NOTES STAG/HIGH Indicates l^ocOnomk; growth/high^deffense expenditure scenario. Because of rourtding^ cocnportents my not 
correspond to totals. 

SOURCE- National Science Foundation 
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Table B^ll, Supply/damand balance of scientists and engineers based on new 
entrants and Immigrants supply modal: 1981 and t987— OPTIM/LOW 



[In thousands] 



0 ecu pal ion 


* 






1961 








— rr 






1967 








Total 
supply 


Supply components 


map 


Bal- 
ance 
surplus 

(+1/ 
short- 
Siga(.) 


Bal- 
ance as 
percent 
= of 
Supply 


Supply components 


Immi' 
gra- 
tion 


Da- 
mand 


Bal- 
ance 
surplus 

(+)/ 
shojrt;. 
age (-J 


Bal- 

3ince as 
percent 
of 

supply 


New 
en- 
trants 


Attri- 
tion 


Immi- 
gra- 
tlon 


Total 
supply 


New 
en- 
trants 


Attrl' 
tiOn 


- Total 
































575.0 


66.0 


10.3 


. 2.2 


509.5 


65.5 


11 j4 


1.040.9 


93.6 


20.2 


2.9 


571.9 


469.0 


45.17 


Agricultural — 


25.0 


5.3 


.3 


.2 


16.0 


7.0 


2&J0 


53j0 


5.0 


1.0 


.2 


16l1 


34.9 


65.6 


Biologists 


71.1 


19.0 


1.1 


.2 


55.4 


15:7 


22.1 


176j0 


20.0 


3.2 


.3 


71.4 


114.6 


65.1 


Chemists 


99.0 


v.V 




.V 


94.0 


SlO 


5.1 








1.0 


100.3 


26*7 


22.2 


Geologists . v. . . 


43.3 


4.1 


.6 


.1 


41.0 


2.3 


5.3 


66.0 


5.0 


1.2 


.2 


47.3 


16.7 


26^ 


Mathemalical ■ - 


' 57.0 


1.0 


1.0 


.1 


ij2'b 


5.6 




65j0 


6.0 


2.0 


.2 


56.1 


26.9 


31.6 




23.1 


3.0 


.4 


.2 


21.1 


2iQ 




39.0 


3.1 


.7 


^2 


23.1 


15.9 


40.6 


Other Nfe and 
































29.0 


2.0 


.5 


.0 


26.2 


.6 


2.6 


37.3 


2.0 


.7* 


.0 


30.3 


7.0 


16l6 




227.5 


40.6 


' 4.2 


.6 


199.9 


27.6 




455.6 


46.2 


" 6.9 


A 

.0 








Econofnists - ^ 


EA A 


7.1 


.9 


.3 


30.2 


4A A 


^0 A 


93.1 


6.2 


2.0 


4 

.0 


oa A 


57.1 


01.0 


Psychologists 


93.5 


12.5 


2.0 


.2 


66.3 


5.2 


5.6 


163.3 


15.0 


3.0 


■3.0 


105.0 


56.3 


35.7 


Sociologists ^ 


12j0 


6.0 


.1 


.0 


9.2 


2.6 


2?.3 


51.0 


7.5 


B 


.0 


11.0 


40.0 


76.4 


Social, n.a c. ^ 


72*0 


15.0 


1.2 


.1 


72.2 


.2 


.0 


146.2 


15.5 


3.0 


.2 


6t.3 


66.9 


45.1 




































04.4 


t4.£ 




1 i6? 0 




5.1 


1 ^07 A 

1 f49f .V 


A7 0 


c 1 .9 


7.3 


1*336.2 


159.6 


10.7 


A^ronaulical/ 






























astronautical 


69.0 


2,0 


1.4 


.0 


63.2 


'5.6 


B.4 


73.0 


2.1 


1.4 


.2 


66.0 


-15.0 


-20.5 




-60.5 


6.0 


1.1 


.5 


55.f 


5.4 




oa A 


5.4 


1.7 


.5 


59.2 


26.6 


32.7 


Civil 


173.q 


10.2 


3.3 


.7 


166.0 


7.0 


4.0 


217.0 


10.4 


4.2 


.6. 


.164.0 


33.0 


15.2 


Efeclrical/ 






























atactronic ■ ■ ■ 




14.0. 


7.0 


.9 


'iOA A 
0c4.4 






367.0 


15.4 


6,0 


ltd 


Ann fi 


* 11 0 




Industrial 


116.0 


4.0 


2.3 


.2 


113.3 


4.7 


4.0 


129.4 


4.1 


3.0 


.3 


125.0 


. 4.4 


3.4 


Mechanical — 


221.0 


11.4 


4.3 


.9 


206,5 


12,5 


5.7 


266.3 


12.0 


5.2 


1.1 


236.0 


32.3 


12.0 


M^afiurgicaL. . 


17.0 


1.4 


.3 


.0 


16:0 


1^ 




23.1 


1.4 


.4 


.1 


17.4 


5.7 


24.7 


Mining/ 






























petrolexim . . . 


26.0 


2.0 


.5 


.0 


26.1 


.1 


.4 


36.0 


2.2 . 


^7 


.1 


31.2 


4.6 


13.3 


Engineers, 
































206.1 


13.4 


4.0 


3.0 


164.0 


22.1 


10.7 


276l0 


14.0 


6.3 


3.0 


197.4 


76.6 


26.5 


Computer 
specialists' * : 


435.0 


9.9 


6.7 


.6 


443.0 


-6.0 


,2.0 


463.1 


14.0 


9.1 


1.3 


590.0 


-126.9 


,27.4 



^inciudesbolhcomPutersy3temsanalysteandcomPirterProgrammers._ ^ ^ 

MOTES OPTIM/LOW trrdlcaies high -economic growth/low-def«n$e 0xpendllure scenario. Because of rount^tng. components may 
not correspond to totals^ 

SOURCE; National Science Foundation 
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Table Supply/demand balance of sclenUsts and engineers based on new 
entrants and Immigrants supply modal: 1991 and 1987— OPTIM/HIGH 

[InthDU^del ^ 





1901 


1907 






Supply 


comp ononis 








Supply components 










Occupation 


Total 


New 


Attri- 


ImmU 


De- 


Bal- 


Bal- 


Total 


New 


Attri- 


Immi- 


De- 


Bal- 


Bal- 




supply 


en- 


tion 


gra- 


mand 


ance 


ance a$ 


supply 


en- 


tion 


gra- 


mand 


ance 


ance as* 






trarUs 




tfOn 




surplus 


percent 




trants 




tion 




surplus 


percent 














(+)/ 


of 












(+1/ 


of 














short- 


Supp^ 












short- 


supply 














age (-) 














age (-) 




Total 






























scientJsts , , 


573.0 


05.0 


9J 


2,3 


600,3 


64.7 


11,2 


1,04L5 


943 


19,2 


3,0 


564,7 


462,0 


44,2 


Agricultural 


25,0 


5,3 


A 


n 

r ,£ 


17,6 


7,4 


29,6 


90,£ 


9,U 




,2 


. '10^4 


34,0 


65,4 


Biologists 


71.1 


19,0 


1 ,v 


n 


55,4 


15,7 


22,1 


At t A 






rs" 


62,5 


114,9 


64,6 




9a6 


6.0 


1,9 


,0 


93,7 


4,9 


5,0 


129.6 


6,6 


2,5 


13 


102,0 


26,0 


20,7 




43.2 


4,1 


,0 


,1 


40,6 


2,6 


6.0 


mA 


4,0 


1,2 


,2 


47,9 


10,2 


27,5 


M a1 h ajti aI aI 


56.9 


5.0 


1,0 


,1 


513 


5,1 


9,0 


05,2 


6,0 


1,6 


,2 


60,6 


24,6 


20,9 


Physictets 


23,1 


2.0 


,4 


,2 


21,1 


2,0 


0,6 


39,0 


3,2 


■,7 


,2 


24.2 


14,0 


37,9 


Other life and 
































2d,6 


t.9 


.5 


,1 


20,2 


,4 


1,4 


.37,4 


2,1 


,7, 


.1 


31,3 


6.1 


16,3 


Socral 


226,5 


40,1 


3,7 


.6 


199,9 


26,6 


11.7 


459,6 


46,9 


6,3 


,6 


2^7,0 


222,6 


40,4 


Econonnists , , 


49,6 


7,1 


^9 




30,2 


19,4 


39.1 


93.0 


0,4 


1,7 


- ,3 


36.2 


57,6 


61,4 


Psychologists 


93,5 


12,5 


1 fi 


,£ 


0a3 


5,2 


5,6 




IS 1 


WpV 


,3 


106.2 


50.3 


35,4 


SociolOQists 


11,9 


,5,6 




A 

wV 


9,2 


2,7 


22,7 




7,6 


,9 


.0 


10,7 


40.6 


79,1 


Socidip RpOpC. , 


71.5 


14,9 


1,1 




72,2 


-,7 


-1.0 




153 


2,7 


,2 


83,9 


66,1 


44,1 


Total 






























engineers . 


1,223,7 


63.5 


23,5 


7,0 


1.155i6 


60,1 


5,6 


1,507,5 


69,2 


29,1 


7,0 


1,423,1 


64,4 


5,6 


Aeronautical/ 






























astronautical 






1,4 


,1 




9,4 




73.9 


2,4 


1,4 


n 


4AQ 1 


-09,0 


-47,9 


Chemical 


Aft t^ 




1,1 


,5 




t^ A 

9,4 


9,9 


86w2 


5,6 


1.7 


e 
,9 


Aft Q 


57 ^ 
,0 


^1 A 

ol,u 


Civit 


173,0 


10,2 


o,o 


, t 


165,5 


7,5 


4,3 


TIT T 


iu,o 




3 


188w9 


20.0 


13,2 


Electrical/ 






























electronic ... 


334,6 


13.6 


6,5 




324,4 


10.2 


3,0 


309,7 


16,1 


7,6 


13 


4203 


-30,9 


-7,9 


InHiiQlrlol 


117,0 


4,0 


^3 




113.3 


4,5 


3,0 


1303 


4,2 


2,6 


,3 


130,0 


-,0 


-,6 


MechaoN^al 


220,9 


11,4 


. 4,2 


7,9 


200.5 


12,4 


5,6 


270.1 


12,3 


5,2 


1,1 


240,2 


21,9 


0,1 


MetaUur^ical . , , 


16,6 


1,4 






15,6 


1,0 


6,0 


2a2 


1,4 


,4 


,1 


10,5 


4,7 


20,2 


Mlnmg/\ 






























petroteum 


25.6 


2,0 


,5 


,9 


26,1 


-,5 


-2.0 


35.9 


2.2 ' 


,7 


,1 


313 


4,3 


123 


Engineers, 






























n.e,c 


206.1 


13,jl 


3,9 


2,7 


103,9 


22,2 


10,0 


270,0 


14,4 


53 


2,6 


214,4 


64.4 


23,1 


Computer 






























Specialists^ 


434,9 


9l9 


^,6 


3 


442,9 


-9.0 


-1,0 


465,6 


14,3 


9,2 


1,4 


603,0 


-130,2 


-30.0 



'Includes bothcoinputersysteinsanalystsaRdcoinputerprograiTKners. 



NOTES: OPTIM/HIGH indicate hlgh-econOmic growth/high-dsfense expenditure scenario. Because of rounding, 
components may not correspond to totals. 

SOURCE: National Science Foundation 
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Tabl63'13. Projected supply of scientists and engineers based on 

net-mobility supply model: 1983 and 1987— STAG/LOW \> 

Iln thousands] 



Occupation 


1983 


1987 


Tolal 
supply 


Su p ply oomp on a nts 


Tolal 
supply 


Supply components 


New 
enl rants 


mobility 


Altrf- 
tion 


Imml- 
gration 


l^ow 
antrants 


Nat- 
mobility 


In- 

Ifi- 

mobility 


Aitrf- 
lion 


Immi- 

gration 


Total sclentisis 


560.6 


37.0 


»» 


4.5 


2.5 


612.1 


91.2 


»> 


— - 


2>5 


2.6 


Agricultural 




5.3 


*4,5 


.1 


.2 


!>1 !> 


4.9 


-5.1 


>0 


.1 


.2 


Biologists.... 




19.2 


-15.2 . 


.4 


.2 


73 1 


19.6 


-18.3 


.0 


.2 


.2 


Chamtets 


' 94.3 


6.1 


-5.6 


J 


.9 


99.8 


6.4 


-5.3 


.3 


.5 


1.0 


Geo(ogls1s 


' 45.2 


4>4 


-3>2 


>3 


.2 


51.6 


4.3 


-3.1 


.1 


2 


.2 


Mainemaucai 


64.7 


5.8 


-4.4 ' 


.2 


.1 


59.6 


5.6 


-4.4 


.1 


2 


.2 


Physicisis 


23.2 


2.9 


-2.1 


.2 


.2 


24.9 


. 3.0 


^ -2.6 


.0 




— .2 


Othar life and physical . 


29.7 


1.9 


-1.2 


.2 


.1 


31.5 


2.0 


-1.4 


.2 


2 


.1 


Social 


225.8 


41.4 


— 


— 


.6 


250.4 


44.7 




— 


1.0 


.7 


Economists 


34 6 


7.5 


-5.7 


^3 


2 


39.4 


3.2 


-7.2 


>0 


.1 


.3 


Psychologists : 


97.6 


12^ 




1.1 




103.2 


14.2" 


-10.7 


,0 


^5 


.2 


Socjologrsis 


12.5 




-4.9 




-0 


14.5 


7.2 


-6.9 


.0 


>0 


.0 


Social, n.a.c 


fll.1 


14.9 


-10.7 


.8 


.1 


33+3 


15.1 


-12.7 


.0 


.3 


.2 


Tolal onginaars 


1.194.0 


63.9 





18.3 


6.1 


U19.1 


64.3 






i2.e 


6.7 


AnTQ n Ai it ira 1 / 
























aslronautical 


67,0 


1.9 


1.6 


1.1 


.1 


33.6 


2.0 


3.3 


92 


.9 


.1 


Chemical 


57.2 


5.5 


-4.2 


.3 


.5 


60.3 


5.4 


-4.4 


.0 


.5 


.5 


CiVtl ................. 


16S.9 


10.2 


-5.3 


2.7 


.7 


177.0 


10.1 


-6.1 


.3 


1.7 


.8 


Eieclrical/alactronic 


343.0 


13.9 


1.9 


5.5 


.9 


397.9 


15.1 


3.6 


15.6 


4.1 


1.2 


Indusifial 


112.1 


4.0 


-1.9 


1.3 


2 


120.2 


4.0 


-.3 


9.7 


1.3 


.3 


(Mechanical . 


213.2 


11.4 


-5.6 


3.4 


.9 


230.5 


11.4 


-5.r 


3.6 


2.2 


1.0 


i^atajlurgical 


15.9, 


1,4 


-10 


:2 


.1 


17.1 


1.3 


-1.0 


.1 


.1 


.1 


i^ining/pelrclaum 


2S.2 


2.1 


*1>3 


.4 


* .1 


32,6 


^? 


-.9 


1.1 


.3 


.1 


Engineers, n,a.c 


ise.s 


13.5 


*10.7 


2.9 


2.6 


199.4 


13.3 


'10.9 


5.3 


1.7 


2.6 


ComPtrtarspadaJists^ . 


473.7 


10.7, 


10.6 


2.4 


>9 


563.4 


13.2 


14.5 


59.0 


2.3 


1.2 



^includes both corn putar systems anatystsand computer programmers. Because of founding, components may not correspond totoiats 
NOTES STAO/LOW Indicates low-economic grcwth/low-defenso expenditure scenario. 
SOURCE: National Science Foundation 
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Table 8^14, Projected supply of scientists and engineers based^on 
net-mobility supply model: 1983 and 1987— DPTIM/HIGH 

' -m^ iJn thousands] ' , 





1083 


1087 ■ 






Supply componWs 








Supply components 






K oiai 










TAtfil 

loiai 












Occupation 


Qiin niv 


* New 


Net- 


Attrt- 


immi- 




New 


Net- 




Attn- 


immi- 




entrants 




lion 


Adnn- 
yi^aiiun 




tfnil^aillS 




moDMiiy 


tton 






557.5 


87.0 




' 4.5 


' 2.5 


607.6 


92.2 






3.0 


3.0 


Agricultural * 


20.7 






. 1 


,2 


21.3 


5.0 


-!>.l 


.V 


. 1 


.2 


Biologists 


66.8 


19.2 


-15,6 


.4 


.2 


72.6 


19.7 


-18.5 


.0 


.2 


.3 


Chemists 


94.4 


ai 


' 7.2 


.7 


.9 


99.r 


V 6.4 


-5.2 


.3 


.5 


1.0 




45.3 


4.4 


•1.9 


^ * .3 


.2 


50.1 


4.9 


-3.8 




,2 


.2 


MdthemAllf^l 


54.3 


5.8 


*5.2 


^ .3 


.2 


59.5 


5.9 


-4.3 


.1 


2 


.2 


Physicists 


23.^ 


2.9 


-2.4 


.2 


.2 


25.2 


3.1 


-2.6 


.0 


,1 


.2 




29,7 


1.9 


-1.6 


,S 


.1 


31.7 




-1,4 


.2 


.2 


.1 


Social 


223.2 


41,4 


'31.3 


' 2.3 


.5 


247.5 


45.2 


— 


— 


1.4 


.8 




34,1 


7.5 


-6;i 




,2 


38.7 


8.2 


-7,3 


0 


2 


.3 




96.5 


12.9 




1.1 


,2 


106,2 


14,3 


-110 


n 

.V 


7 


.3 




V, 12,4 


6.1 


-5.0 




,0 


14.4 


7,3 


^,9 


.0 


n 

,v 


.0 


Social, n,«.c. 


. 80,2 


14.9 


*1 1,7 


,8 


.1 


86.2 


15.4 


-12,9 




.5 


.2 




1.181.5 


64.0 


— 


19.1 


6,2 


1.343.6 


66.8 


— 


— 


12.9 


6.8 


Aeronaulicat/ 
























astronaut ical 


65,1 


1,9 


.2 


1,1 


.1 


94,1 


2,2 


7,3 


12.4 


1.0 


.2 


Chemical 


57.1 


5.5 


-5.3 




.5 


60.9 


5.4 


-4.4 


.0 


.5 


.5 


Civil 


167,5 


10.2 


*8.3 


2.7 


.7 


176.8 


10.2 


-6.4 


.8 


.1,7 


.8 


Eisctricai /electron ic 


334.7 


14,0 


-4.9 


5.4 


1.0 


398.8 


15,6 


4.5 




4,0 


1.2 


Industrial - 


111,9 


4.0 


*4.4 


1,9 


,2 


121.9 


4,1 


-.3 


10,0 


1,3 


,3 


Mechanical 


212,3 


.,11,4 


-10.2 


3,5 


.9 


233,5 


11,7 


-4.6 


4,0 


2,2 


1.0 


Metallurgical r\ 


15,9 


1.4 


•1h4 


,2 


.1 


17,4 


1,4 


-,9 


.1 


.1 


.1 


Mining /petroleum 


■ 28.1 


2.1 


.5 


.4 


,1 


31,5 


2.3 


-1.4 


.8 


,3 


.1 


Engineers . n.ex 


188,9 


13,5 


^14.1 


3,0 


2,6 


208.7 


13.9 


-9,5 


,7.4 


1,8 


2.6 


Co mp uter^peclal 1 sis' 


456,2 


10,8 


-.6 


2,3 


,9 


550.6 


13,6 


14,0 


* 59.4 


2,2 


1,2 



'Includes bothcomputersystemsanaiystsandcompulerprogramm 

NOrE. STAG /HIGH Irdlc^tc^jow^economJc ^rov^h/hlgh^dolervse exPendtlure scenario. Because of rounding, components may not 
correspond to^toials. 

SOURCE: Nail oi>Q, ^cl^ce Foundation ^ 
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Table B*1S. Projected supply Of scientiett arid engineers based on 
net^mObllHy supply moi^k 1983 and 1987— OPTtM/LOW 



[Inthouftands] 



Occupation 


19B3 


1967 




Supply components 


Total 

auppiy 


Supply components 


All AaKj 

supply 


Maw 
entrants 


Nel- 
mobillty 


Attri- 
tion 


Immi- 
gration 


New 
entrants 


Net- 
mobility 


In- 

moblllfy 


Attri- 
tion 


Innmi- 
gfatlon 




5644 


^ 


■ 


A A 




. 627,1 








0 


o,u 




|20,6 
1 




-4,2 


,1 




22X} 


5,0 


*5w0 


.0 


' ,1 


,2 


Biologists 






14,6 


,4 


.2 


75.1 


19,7 


-16.2 


,0 


,2 


,3 


Chemists 


95.3 


6,1 


-4,7 


J 


.9 


102.5 


6L4 


*5,4 


4 


,5 


1,0 




45.6 


4.3 


2,6 


\3 


.2 


51,0 


4,6 


-3,2 


,1 


,2 


,2 




54,9 


5.6 


-4,1 


,2 


J2. 


60,6 


5.6 


-4,3 


,2 


,2 


,2 


Physicists 


234 


2,9 


-1,9 


,2 


,2 


25,6 


3,0 


-2,6 


,0 


,1 


,2 




30^ 


1,9 


-,9 


,2 


,1 


32,4 




-1,4 


,2 


,2 


,1 


Social 


, 227,0 


41,2 


*- — — 


2,3 


,7 


257,7 


45,1' 




— '■ 


1,0 


J3 


Economists , ; 


34,7 


7,5 


^,5 


,3 


,3 


40,1 


' 6,2 




X> 


^ ,1 


,3 


Psychologists 


9a2 


12,6 


-6,0 


1,1 


,2 


1124 


144 


-10>2 , 


,0 


,5 


,3 




12,5 


6,1 


-4>6 


,1 


,0 


. 1419 


7,3 


-&9 


,0 


,0 


.0 




61.6 


14.6 


-10,2 


,6 


,2 


90,3 


15,2 


-12,9 


,0 


,4 


,2 




1,2da2 


63,7 


— *— 


19,9 


6,2 


1*360,5 


65,6 




1 


13,3 


6J 


























Aeronautical/ ~j 
























astronautEcal 


67,4 


1,9 


1,6 


1,1 


,1 


,66,1 


^ 2,0 


3,9 


9,1 


,9 


,1 


Chemical 


57,6 


5>5 


-3,6 


,9 


,5 


62,y 


,54 


-4,4 


,1 


,5 


,5 




^171,2 


10,2 


-3,6 


2,7 


,7 


165,7 


10,3 


-5,7 


14 


1,6 


,6 


Electrical/electronic 


344,6 


13,9 


3,3 


5.5 


^1,0 


402,2 


15,1 


24 


15,2 


4,1 


1,2 


Industrial 


113.5 


4,0 


.,7 


1-6 


,2 


1244 


4,1 


-,7 


9,9 


1,3 


,3 


Mact^anioat, 


216^ 


\ 114 


-2,7 


3,4 


.9 


242,3 


11,7 


^,6 


5.0 


24 


1,0 


Matatlurgtcal 


16,2 


1,3 


-,7 


,2 


,1 


16,2 


14 


-,9 


,2 


,2 


,1 


Mining/ patrols um 


264 


2,1 


-1,1 


,4 


,1 


3Z2 


2,2 


-1,0 


1,0 


,3 


,1 


Engineers. n,e,c 


1904 


134 


-0,1 


2^ 


2.6 


206.7 


13,6 


-11,0 


6.4 


1,6 


2,6 


Computer spaclatlsts^ , 


476:3 


10.6 


13,0 


24 


,9 


580,4 


13,3 


y 1i5 


60.4 


2,3 


1,2 



'includes boiti computersystenns artalysta and comPvter programmers, 

NOTE OPTIM/LOW indicates high-economic growth/low'de(sn$s exPondltufS sc^rwic, BecauM of ro«rtdir»gy cemponenis may rwt 
correspond to totals. 

SOURCE:. National Sciervce Foundaiion « 
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Table Projected supply ot scientists and engineers based on 
net'itiobllity supply model: 1983 and 19877-OPT(M/HIGiH 

] In thousands] 



Occupation 


19S3 


1967 


Total 
supply 


Supply componenis 


Total 
supply 


Supply components 


Naw 
antrants 


Nat- 
mobility 


Attri- 
tion 


Immi- 
gration 


New* 
entrants 


Met* 
t^oblhty 


tn- 

moblJity 


Attri- 
tion 


Immi- 
gration 




566,2 


67,1 




4,4^ 


2,7 


639.9 


93,7 


— **- 




2.5 


3.0 




cU.O 


5,3 


. -4i2 


.1 


,2 


cc.c 


5,1 


^.0 


.0 


,1 


• ,2 


Biologists 


v' iD 


19,2 


-14,6 


,4 


.2 


/ V.O 


20.0 


-16,3 


,0 


,2 


.3 






6.2 


-4.5 


,7 


,9 


104,6 


a5 


-5,1 


.5 


'5 


1.(1 


Geologists^ 


45T' 


4.4 


-2,7 


.3 


,2 


51,6 


4.6 


^,2 


,1 


.2 


.2 




55,3 


5.6 


-3,6 


,2 


,2 


63.0 


BX) 


-4,0 


.3 


,2 


,2 


Physicists 


23.6 


2,9 


-1.6 


,2 


.2 


26.6 


3.1 


-2,5 


,0 


.1 


.2 


Other rilaand^physicat , 


30.1 


1,9 


-.6 


.2 


,1 


33,3 


2,1 


-1,3 


.0 


i2 


.1 


Social 


227,6 


41.4 




2,3 


,7 


262.3 


46,1 


— 


— - 


1i) 


.6 


Economists 




7,5 


-5,5 


,3 


^3 


40.7 


^ 6,4 


-7,2 


^0 




* ,3 




96.4 


12fl 


*7,9 


1,1 


,2 


1 13,6 


14,7 


-10,2 


,0 


< 


,3 


Sociologfsts 


12,5 


6.1 


-4,6 


,1 


,0 


1*1 1 


7.4 


-7,0 


,0 


JO 


.0 


Social, n,e,c 


62.0 


I4,g 


-9,9 


.8 


*.2 


92,6 


15.6 


-12,6 


,0 


A 


,2 


Total angina ars 


1,217.2 


64,2 


— 


16.9 


6,3 


1,437.3 


66.1 




— 


UX> 


. 6.9 


























astronautlcal 


70.0 


1-9 


4,3 


1,1 


.1 


104.6 


2.3 


7.6 


13,1 


1.1 


.2 




56.0 


5.5 


-3.4 


,9 


.5 


64.2 


5,5 


-4.2 


.1 


■5 


,5 


CivU 


, 171.6 


10,2 


-3,3 


2,7 


,7 


190,1 


10.5 


-4,6 


1.6 


1.6 


.6 


Electrical/a lectronic . . 


347.9 


14.0 


6.2 


5.5 


1,0 


421,3 


15.7 


5,3 


16.7 


4.3 


1,2 




114,2 


4,0 


,0 


1,8 


,3 


129.6 


4.2 


,3 


11,3 


* 1* 


.3 


Mechanical 


217.9 


11.5 


-1,4 


3.4 


.9 


253.4 


12,1 


-2,6 


7.0 


*2.5 


1.1 




16,3 


1.4 


-,6 


,2 


,1 


19,2 


1.4 


-.7 


.4 




,1 


Mining/patrolaum — 


26.5 


2,V 


-1,0 


.4 


,1 


32.5 


2,2 


-1.0 


1,1 




.1 


Enginears, n,a.c 


192.6 


13.6 


-7,0 


2.9 


2.6 


222,0 


14,2 


-6.6 


Si 


1,9 


2,6 


Oomp utar spaclal Ists * . 


477:7 


10.9 


14,2 


2,4 


,9 


592.8 


13.6 


16.9 


* 63;e 


2,4 


1,2 



'Includes both com Pulormtems analytttsand computer programmers. 

NOTES OPTIM/HIGH Indicates High-economic growtn/hlgn-datense expandttura scenario. Batausa ot rounding, coniponents mey 
not correspond tc totals. 

SOl^RCE: Nalional Science FouridAtfon 
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Table 9-17. Supply/demand balance of scientists and engineers based on 
net-mobility sqpply model: 1983 and 1987— STAG/LOW 

\* (tnihousands) 



•t 

0 ecu pal ion 


1983 




1987 






J 3uppty ' 


Oemarid 


Balance 
surplus (+)/ 
shortage 


Balance as 
percent of 
supply 


Supply 


6emand 


Balance 
surplus (+)/ 
shortage(-| 


r ' 

' Balance as 

j)ercer4 of 

suppJy 


Total scJentfst^ 


560,6 


513.8 


46.8 


8,3 


612,1 


555.9 


56.2 


9,2 




20,6 


IT.2 


3.4 


16,5 




17.3 




J.9 


10.4 


Qjrt|nfl|e4e 




V 55.5 


n.2 


' 16.7 


73,1 


59.4 




10./ 


18.7 




^94,3 


9 J. 9 


23 


^ 2,6 


99.8 ' 


97.7 




£.1 


9 1 




* 45.2 


41.7 


3.5 


7.1 


51.6 


47.9 






7,2 




547^ 


. sao 


2.7 


4.9 


59.6 


56.9 




7 


4.5 






21 2 


2 0 


0.0 


24.9 


22 4 




5 e 


10.0 


Olhdr1ifdantfV^y^ij£3L — 


^ 50 7 


* 28.0 


\j 


^ "5.7 


31.5 


29.5 




4.V 


6.3 


SociaJ \ 


• 225 a 




19.9 


8.8 


250.4 


224 fr 


\ 




10 2 


* 

Economises + + + + i 


y 
34/ 


31.1 


3.5 


TOO 


3^.4 


34.^ 




4.6 


11,7 


> 

PsvcholOfiiAts * * . * * 


97/6 


J913 


6.1 


^,^6.3 


108.2 


10Q?5 


fx 


7.7 


7.1 


Socio IfWIISlS 


12.5 


9^ 


3.1 


24.6 


14.5 


10.1 






30.3 


Soc^flt n fi c ' J 


g.1 


73.9 


7.2 


8.9 


88.3 


79,4 


.4 




10.1 


TotaJ^ngineers 


1,194.0 


I1 169.2 


24.6 


2.1 


1.319.1 


1*296,4 


^ > 


?2j7^ 


1.7 


Aeronaul^cal/ 
















■i 




astronauttcal 


67.0 


673 


■5 


-.7 


83:6 


853 






-2.3 


Chemical 


57.2 


54.0 


^3.2 


5.6 


60.8 


57,4 






5.6 


Civil 


16S.9 


166.8 


2.1 


1.2 


177^0 


174.7 




2,3 


1.3 


Electfioal/eteclronlc 


343.0 


340.9 


2.1 


.6 


397.9 


396.3 




16 


.4 




112.1 


111.4 


.6 


.6 


120.2 


120.3 




- 1 


-.1 


Mechanical , : 


213.2 


206.6 


6.6 


3.1 


230.5 


223.9 




6.6 


2.9 


Metaiurgical 


15.9 


15.1 


.8 


5.0 


17.1 


16.3 




.8 


4.7 


Mining/ petroleum 


28.2 


27.1 


1.1 


3.9 


32.6 


31.7 




.9 


2.8 


Engineers, n. a. c 


188.5 


179.8 


8.7 


4.6 


^ 199.4 


190.3- 




9.1 


4.6 


ComPuler specialists' — 


473J 


480.2 


■7.2 


-1.5 


566.4 


577.6 




-9.2 


-1.6 



'Includes boih computer 9y9iem$ analysts and coin puter programmers. 

MOTES. StaG/LOW indicaies^iow*econ^mic growth/tow-detense expenditure scenario. Because ef rounding, components may r^ot 
correspond to loiais ; * 

SOURCE- Nalionei Science Foundation 




Table B>16. Supply/demand balance of scientists and engineers based on 
net-moblllty supply modef: 1983 and 1987— STAG/HIGH , { 

|lnihbusand3] 



Occu patron 


- 


' 1983 ^ « 




1 ^ 

1987^ 


^ Supply 


Demand 


shortage {*) 


ownce OS 
percent of 
suppty 


* Suppty 


Demand 


fiurDlus (4-1/ 
Shortage [- 1 


Rfllfln^A fl4 

nercent of 
supply 


Totatscien1l3ts 


557.5 


507,6 


49,9 


9.0 


607,5 


567,4 


40,1 


36.6 




^ 20.7 


17,2 


3,5 


16.9 


21,3 


17.5 


3.f 


17.4 






55,3: 


11,5 


17 0 


72,6 


60,4 


.12.2. 


1&6 






90,7 


3,7 


0.9 


99,7 t 




.1 






45.3 


42,7 


2,6 


5.7 


^ 50.1 


48.2 


T.a 


^ " 3.8 


Mathematical 


54.3 


51.0 


• 3.3 


^1 


. 59,5 


58.7 


8 


; 1c3 




^ li 

to. n 


.20,9 


2.2 


9,9 


2^.1 


.23,4 


i:r 


^ ^ 6.8 


other me and physical , , , , 


29.7 


27,6 


2,1 


7,1 


31,7 


30.4 


i 1.3 


; /*''M.1 




, 223.2 


202,2 


.21,0 


9,4 


247,5 


'229,2 


18.3 






34.1 


4o,3 


38 


11.1 


38.7 ' ^ 


' 35.3 


3.4 ~ 


< 8 & 


Psychologist 


96.5 


/90,4 


6.1 


■ 6.3 


106.2 


101.7 


' 4 5 




Sociologists " 


, 12.4 


' ^9,3 


3,1 


§5.0 


14,4 


10 3 


3,1 


21.5 




60.2 



72,2 


8.0 


lO.O 


88,2 


81.9 


6,3 


7 1 




1,181.5 


1,140.3 


41,2 


3.5 


' 1.343.6 , 


1,373.2 


-29.S 


2.2 


Aero nauti c al/astronaui ical 


65,1 


^ ^4,5 


,6 


.9. 


^.1 


107.2 


-i3.T 


*13.9 




57.1 


53,1 


4,0 


7.0 




56.7 


' . 2.2 


^ 3.6 


Civil 


167.5 


163,5 


4,0 


2,4 


- 176,8 


' ■ 179.1 


*2.3 


-1,3 




334,7 


327,6 


7,'l 


2.1 


398,8 


415.^ 


* * 16 4 


' *4 1 




111.9 


109,3 


2.6 


2,3 


121,9 


125.0 


-3.1 


-2.5 


Mechanical ...i 


« ,212.3 


202,2 


* 10,1 


4,8 


233.5 


233,4 


.1 


.0 


Metallurgical 

Mmir\g/ petroleum 


15,9 


14,8 


1,1 


6.9 


* 17,4 


17.1 




^ 1.7 


28,1 


27,6 




1,8 


31.5 


31.8 




.0 


Engineers, n.e.c 


188.9 


177,7 


. 11.2 


5,9 


208,f 


. 205:/ 


3.0 


'* 1.4 


Conlputer specialists' 


4562 


454,3, 


• ' 1,9 


-.4 


/ 550,6 


588.9 


' ^38;3 


■ -7P 



'irKlu(fesl>oth computer syst^s analyst ?a;id com puler program mefs, ' ^ / r 

MOTES. STaG/lOW indicates Jow.oconomic growth/k>w-delafiae ejiperKliture $cenarh>. Gecausa of ro^lng^ components may rkot 
correspond to lotais. ' • ' ' ^ ^ 

SOURCE: Matlonai Science foundation * ^ ' . ^ ^ ^ < , 
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Table B-19. Supply/demand.balanca of tcientJsts and engineers based 
on ne^mobtlny supply modal: 1983 and 1987— OPTIM/LOW 

|)nibbusand8) 



Oocupetlon 




1963 ^ 




1967 


SuppV 


Oema^kd 


BflifinAa 
surplus (+)/ 
shortaye (-) 


Balance as 
percem of 
supply 


Supply 


i 

Demand 


Balance 
surplus 

shortagBi-] 


parceni of 
supply 


Total sclenlisis 


564.5 


520.4 


44.1 


7.6 


627.1 


570.9 


56.2 


9.0 


Agricultural 




1*7.5 


3.3 


15*9 


22.0 


16.1 


3.9 


17*7 


Biologisl 


67.5 


56.6 


10.9 


16*1 


75l1 


61.4 


13.7 


16-2 


Chemisis 


95.3 


93*5 


1.6 


1,9 


. 102*5 


100.3 


2.2 


" 2,1 


Geologists 


45.6 , 


42.3 


3,3 


7,2 


51.0 


47.3 


3.7 


7".3 


Matli A matiM 1 


54.9 


■ 52.5 


2*4 


4.4 


60.6 


56.1 


2.7 


4.4 




23.4 


21.5 


1*9 


. 6.1 


'25.6 


23,1 


2.5 


9.6 


Other life and physical 


30.0 


26.4 




5.3 


32.4 


30.3 


2.1 


6.5 


Social ^ 


227.2 


208.1 


19*1 


6.4 


* 257.7 


232.3 


25.4 


9,9 


Economists 


34^ 


31.3 


3.4 


9,6 


40.1 


35l5 


4.6 


11.5 




96.2 


92.5 


5.7 


53 


112.4 


105,0 


7,4 


6,6 


Socio! ogisis V 


12.5 


9,5 


3.0 


.2 


^ 14.9 


10,5 


4,4 


29.5 




61.6 


74.6 


6.6 


. 6^ 


90,3 


61*3 


9*0 


10.0 


Tdal engineers 


1,206.2 




17 2 


1.4 






23 5 


i*t 


Aeronauilcal/ 




















67.4 


66.0 


-.6 


-1.9 


•66.1 


66.0 


-1.9 


-2.2 


Chemical 


57.6 


55.1 


2.7 


4,7 


62.7 


59.2 


3.5 


5.6 


CJvil 


171,2 


170.7 


,5 


.3 


\ 165,7 


163*6 


1.9 


' 1.0 


Electrical/electronic 


344,6 ' 


343,6 


1.2 


.3 


/ 402,2 


399.6 


2.6 


.6 




113.5 


113,6 


-.1 


-.1 


1 14.5 


124.6 


/ -.1 


-,1 


Mechanical 


216.5 * 


212.0 


4.5 


2.1 


242.3 


235.> 


6,6 


2.7 


Metallurgical 


16.2 


15.6 


.6 


3,7 


\ ia2 


17,4 


,6 


4.4 




26.4 


27.5 


*9 


3.2 


\ 32.2 


31,2 


1.0 


3.1 


Engineers* n.e.c* 


190.4 


162.9 


7*5 


3,9 


206,6 


197,5 


9.1 


4./ 


Compuler specialists^ . . * . 


476,3 


484.6 


-6*3 


*1.7 




569,5 


-9.1 


-1*6 



' Includes botltcomputef systems arialysto and comptitef pfogrammors. 

HOTE^. OPTt^/LOW Indlcales hrgh-«conom]c growth/Jow^ctafdnse axpendltur« sceriaria Because of foond^ng, components may v 
not Qprraspond to totals, 

SOURCE: National Science Foundation ^ 
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Table Br20. Supply/demand balance of 8c)enti9ta and engineers based 
on net-moblllty supply model: 1983 and 1987— OPTIM/HIGH 

{In thousands) 





1983 


1987 








Balance 


Balance as 






Balance 


Balance as 








surplus (+)/ 


parcant of 






surplus 


percent of 


Occupation 


Supply 


Demand 


sttortage (•) 


supply 


Supply 


Demand 


sttortageH 


supply 


Total sclantists 








7.7 




584.7 






Agricultural 


^ 20.B 


17.6 


.3.2 


15.4 


22.2 


18.4 


3.8 


17,1 




67.6 


56.7 


ia9 


16.1 


76.3 


62.5 


13.8 


18.1 




95,5 


93.9 


1-? 


1.7 


104.6. 


■ 102^6 


1.8 


1.7 




45.7 


42,5 


3.2 


7.0 


51.6 


47.9 


3.7 


7.2 


Mathamaircal 


55.3 


63.0 


2.3 


4.2 


63.0 


60.6 


2.4 


3.8 


Physrciata 


23.6 


21.7 


1.9 


8.1 


26.6 


24.2 


2.4 


9.0 


Ottt^ life and pttyaicaf 


30J 


26.6 


1.5 


5.0 


^33.3 


31.3 


2.0 


6.0 




227.6 ' 


209.0 


18.6 


8.2 


262.3 


237.0 


25.3 


9.6 


Econonilstd ^ 


34.7 


31.4 


3.3 


9.5 


4a7 


36.2 


4.5 


11.1 


Psycholofflstd 


9B.4 


92.7 


5.7 


5.8 


113.6 , 


106.2 


7.4 


6.5 


Sociologists ^ 


. 12-5 


9.6 


2.9 


23.2 


115.2 


110.7 


4.5 


29.6 


Socratifi.a.G. ... * 


B2.0 


75.3 


6.7 


8.2 


92.8 


83.9 


8.9 


9.6 


Totatengrnoera ' 


1,21 7.2 


1 1207.6 


9.6 


.8 


1 1437.3 


1p423.1 


14.2 


1.0 


Aeronautical/ 




















70.0 


72.4 


*2.4 


■ -3.4 


104.8 


109.2 


-4.4 


-4.2 




58.0 


55.4 


^ 2.6 


4.5 


64.2 


60.9 


3.3 


5.1 


Civil :. 


, 171.6 


171.5 


.1 


.1 


19ai 


188.9 


1.2 


.6 


Electrical/olectroolc 


347.9 


346.9 


'1.0 


-.3 


421.3 


420.6 


.7 


.2 




114.2 " 


1U.9 


-J 


-.6 


129.8 ' 


130.8 


-1.0 


-.8 


MechanicaJ — 


217.9 


214.3 


3.6 


1.7 


263.4 


248.2 


5.2 


2.1 


Metallurgical 


16.3 


,15.6 


.5 


3.1 


19.2 


18.5 


.7 


3.6 


Mining ^patrol eum 


26.5 


27.6 




3:2 


32.5 


31.6 


.9 


2*8 


en0lo.ear3»n.e.C'.-. . . . . .\ 


192.6 


186.6 


6.0 


3.1 


222.0 


214.4 


7.6 


3.4 


Co mp u tar s peclal^*^ 


477.7 


466.9 


-9.2 


-1.9 


592.8 


603.8 


-11.0 


-1.9 



Includes tHHli computer systems analysts and computer prograrnmers. 

NOTES: OPTIM/HIGH tndlcetes hlgfi^economtc orewth/hlgt>-dflfense expendllure scenario. Because of rounding, components may 
not corrdsi:^^ \o totals. 

SOURCE: nattonal Science Foundation ^ 
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